V. DI RECT EMPIRICAL FINDINGS ON SITE CHO CE AND WATER
QUALI TY PERCEPTI ON

In this chapter two types of analysis are used to detect the
response of recreationists to water quality. First respondents
were asked to rank water quality along with other determ nants of
site choice. In general, this approach finds that proxinity and
beach characteristics (facilities, cleanliness and setting) are
much more inportant than water quality in determning site choice
If water quality inprovenents open sites close to major popul ation
centers, then benefits may be generated.

Second, the relationship between objective neasures of water
quality and the subjective water quality rating is probed in
Section V.2. Logic suggests that strong correlation between objective
and subjective nmeasures is a necessary but not sufficient condition
for demand to show any response to changes in water quality. Despite
a rigorous analysis, of the data, we find weak, if any, association
bet ween the objective and subjective neasures. Wiile the engineer
or public health scientist may neasure inprovenents or declines in
water quality, the public will not, it seems, perceive those
changes.

1. Di rect Questioning

Respondents were questioned directly concerning inportance
of various factors, including water quality to their recreationa
behavior.  Four questions were posed:
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1.1 The Favorite Site

Let's tal k about the beach, |ake, or river
site you visited nost. That was
site number ___  (Hand Respondent Card D)

A. Wy do you visit this site nost often?
(Code nost inportant reasons)

a it is close
b it is cheap
c. the water tenperature is nice
d. the water quality is good
e ny famly always came here
f not too crowded
g ni ce setting
h beach is clean
. nice facilities
i' nmy friends go there
ot her

This of all the questions is probably the best indicator
of behavi or because the respondent considers and explains specific
rather than generic behavior. Responses to this question are
shown in Table V-1. Proximty is clearly the nobst inportant
factor (47.5%. That friends go there, what we describe as a
cultural factor, is the second nobst inportant reason (12.3%.
Factors related to the beach quality (lack of litter--10.3%
and setting--11.7% are the third and fourth nost frequently
mentioned responses, but are much less inportant than proximty.

Water quality only gains 3.9% of the responses.

Response was tested against income, famly size, education,
occupation, race, anount of recreational equipnent, and the
anmount of leisure time, autonobile ownership, use of public
transit and vacation time. Only income and famly size affected the
response distribution at a 5% |evel of significance. Fgor al
famly sizes, proximty is the nost inportant reason cited. The
presence of friends is nmore inportant to larger famlies than
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Table V-1
Reason for Choosing Favorite Site

Response Nunber Per cent age
a. it is close 170 47.5
b. it is cheap 2 .6
C. the water tenperature

I's nice 11 3.1
d. the water quality is

good 14 3.9
e. my family always

came here 17 4.7
f. not too crowded 13 3.6
g. nice setting 42 11.7
h beach is clean 37 10. 3
i nice facilities 8 2.2
j. my friends go there 44 12.3
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smal ler ones. Similarly, larger famlies respond to water quality
nore readily than do snaller ones. These results are shown in
Tabl e V-2.

Table V-3 shows the income cross tabulation. Again proximty
is always the npst inportant reason, but declines in inportance
with higher incones. Conversely, the inportance of beach cleanliness
i ncreases noderately with higher incomes. The cell counts for
water quality are too snmall to discern with any confidence the

i ncone trend, however.
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1.2 Characteristics Inportant for Site Choice

In choosing a site what are the three npst
i nportant characteristics?

presence of a bathhouse/changing room
absence of litter

presence of a lifeguard

presence of a marine/boat |aunching facility
stocked game fish/good fishing

a natural setting

wat er tenperature

wat er appear ance

presence of other beach facilities
cost (parking fees, entry fees)
proximty

where your friends go

where your famly always went

ot her

SPI3ITFTIFEe mP oD e

We anticipated this question would yield less reliable results
than the first one since it is nore vague and general. Table V-6
shows the response to this question. Here absence of litter is the
nost inportant reason followed by the presence of beach facilities
(bat hhouse, lifeguard) and a nice setting, water appearance,

rates, fifth, and proximty, sixth.

Several features of this response pattern are notable. The
nost obvious is the relative lack of inportance ascribed to proximty.
Two expl anations suggest themselves. First, when considering the
generic question of motivation, respondents discount proximty,
although it is quite inmportant to deternine actual behavior. An
alternative hypothesis is that many nore respondents understood

the neaning of "it is close" than knew the definition of "proximty."

The responses were tested against income, famly size, race
occupation, education, ampunt of recreational equipnment, auto-
mobi | e ownership, amunt of |eisure tinme each week, vacation tine

and use of public transit.
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Table V-4
| nportant Characteristics for Site Choice

Most 2nd Most 3rd Mst
[mportant Inportant |nportant

Characteristic # % # % # %
a. presence of a bathhouse/

changi ng roons 62 13.7 28 6.3 33 7.6
b. absence of litter 141 31.1 109 24.5 48 11.0

c. presence of a lifeguard 49 10.8 48 10.8 37 8.5

d. presence of a marinal
boat |aunching facility 5 1.1 12 2.7 6 1.4

e. stocked gane fish/

good fi shing 5 1.1 5 1.1 10 2.3
f. a natural setting 52 11.5 37 8.3 42 9.6
g. Wwater tenperature 14 3.1 38 8.6 26 5.9
h. water appearance 43 9.5 71 16.0 74 16.9

presence of other

beach facilities 4 9 16 3.6 16 3.7
j. cost (parking fees,

entry fees) 3 T 31 7.0 43 9.8
k. proximty 37 8.2 17 3.8 44 10.1
. where your friends go 18 4.0 16 3.6 25 5.7
m  where your famly

al ways went 7 1.5 5 1.1 14 3.2
n. other 13 2.9 11 2.5 19 4.3
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The null hypothesis of independent classification can be rejected
at the 5% level for education and occupation. The contingency tables
are presented in Tables V-5 and V-6, respectively. Higher levels
of education lead to a greater sensitivity to a natural setting. At
the same tine, proxinmty becones nore inportant with increased
education. Because setting and proximity are inversely related,
this table suggests that respondents not understanding the definition
of "proximity" may explain, at least in part, the nmarkedly differing

results fromthese two questions.

These results have two interesting inplications, one nethod-
ol ogical and one substantive. The first is that the wording of
the questionnaire is of great inportance to subsequent findings.
Al t hough our survey instrument was carefully devel oped, reviewed
and pretested, this anomaly persisted and seens to have made a
di fference.

Secondly, facilities appear to be inportant to recreation denand.
Any recreation benefits from water quality inprovements nmay not be
obtai ned unless further investments in beaches, changing facilities,
mai nt enance and |ifeguards are nmade. Additional noney, perhaps
rai sed through user fees, would be required to provide these facilities.
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Table V-5

Most Important Site Characteristics
Tabulated by Education

Education

CHARACTERISTIC 1 2 3 4 5 6 7
a. presence of a bath- 0) (1) (21) (13) (5) 17) (4)
?gour::mhang'"g 0 1.6 34.4 21.3 8.2 27.9 6.6
0 7.7 17.9 15.9 17.9 14.2 4.8

b. absence of litter 1) (5) (31) (33) (8) (36) (25)
7 3.6 22.3 23.7 5.8 25.9 18.0
16.7 38.5 26.5 40.2 28.6 30.0 30.1

c. presence of life- ) ) (15) 9) (3) 9) 9)
guard 4.1 4.1 30.6 18.4 6.1 18.4 18.4
33.3 15.4 12.8 11.0 10.7 7.5 10.8

d. presence of a marina/ ) (] (€))] (€))] ) (3) (]
boat,fgynching 0 0 20.0 20.0 0 60.0 0
0 0 9 1.2 0 2.5 0

e. stocked gems fish/ (0) (0) (3) (0) 0) 1) (1)
good fishing 0 0 60.0 0 0 20.0 20.0
0 0 2.6 0 0 8 1.2

f. a natural setting €)) [€)) @) (12) 2 (16) (14)
1.9 1.9 13.5 21.2 3.8 30.8 26.9
16.7 7.1 6.0 13.4 7.1 13.3 16.9

g. water temperature (] 0) (7) (] ) 4) (1)
] Q 50.0 0 14.3 28.6 7.1
] v} 6.0 [o] 7.1 3.3 1.2

h. water appearance (1) (0) (11) (8) ) (11) (10)
2.3 0 25.6 18.6 4.7 25.6 23.3
16.7 0 9.4 9.8 7.1 9.2 12.0

i. presence of other 1) (0) @) (0) 1) (1) (0)
beach facilities 25.0 0 25.0 0 25.0 25.0 0
16.7 0 9 0 3.6 8 0

j. cost (parking fees, (0) 0) (1) (1) (] ) 1)
entry  fees) 0 0 33.3 333 0 0 333
0 0 .9 1.2 0 0 1.2

k. proximity (0) ) (@) 2) 3) (11) (12)
0 5.4 18.9 5.4 8.1 29.7 32.4
0 15.4 6.0 2.4 10.7 9.2 145

I. where your friends (0) 1) (8) (3) (0) (6) (0)
9 0 5.6 44.4 16.7 0 33.3 0
0 7.7 6.8 3.7 0 5.0 0

m. where your family (0) (1) ) (] ) (1) (1)
always went 0 16.7 16.7 0 33.3 16.7 16.7
0 7.7 9 0 7.1 8 1.2

n. other (0 (0) 3) () (0 4 ©)
0 0 231 7.7 0 30.8 38.5
0 0 2.6 1.2 0 33 6.0

Table shows cell Count in (), row percentages and column percentages.

98




‘sebejuuored uNnToo pur sebwausoxed AOX ‘( ) UT MO0 TIRO BAOUS DIQERL

96 4 4] [ | %4 [+ [ 4 4 e Ty t't

et 0 0 Lt Lt [+] L't L°L 1°€Z 9°0t

) (0) (0) ¢} (1) (0) (1) (n (€) (») IYI0 ‘U

[} U Ay LY U &t ¥ [ [Y - M

0 ] 0 Lot o €°tt | 3 4 4 )] 4] L9t

(0) (0) (0) (§3) (0) () @) (0) (0) (1) uen sieate A1Tuwy Inok sreys *m

v g U U [ ¢ A [ - 34 4 U9 L 3 ] v k2 4

L9t ] (] 11 o T 8L 9°S L9t 1t

(€) 0} (0) (¢4} (0) ) (%) () (€) ) ob spuetx3 1nok szaym -1

T ] 1Y L) UEY L 4 T [} LY (&) ¢

8 01 0 0 (4] 18 8°'01 z°9t ] 6°8T 1°SE

(t) o) (0) (0) {€) ) (9) (0) (L) (1) A3tmyxoxd -y

| A 4] U 0 0 [+ 2t 4 [+ 0 0 8"

[ 4 1 0 /] 0 (4] € ¢E 0 o 0 [ o 4 (5093

(88) (0) (0) (0) (0) (3 4] ({9] (o) (0) [44) Aajue ‘sesy Buyyied) 3son (

T T 1] (4] T 4] 4] 14 [4 (2 ¢

[y} 0 o 0 [v] ] (1] 0°0§ 1] 0°0% seT3TTToR] yoeaq

(c) (0) 0) (0) (0) (0} (0 () (0) () 9430 Jo pcudsoad -1

TIT T i 17 L 2 o v BT L. 4 LY L MA S kA :

£°6 0 0°L [ 4 Ly 0°rt £°6 0 T o€ [ 1 4

) (o) (€) (1) (T) (9) (v) (0) (€1 (o1) souwavodde zaiem 'y

g ] [}] [l 0 ey [ 2 o LT $°T

0 0 0 Lt /] 8° 0t 8°0¢ ] r'sy L4 % 4

(0) () (0) ) (0) () ) {0) (2) (£) sxnjeraduny 133tm b

(-3 4 [5d:) It L3 44 [ 4 4 870t [: M1 4 0 $°6 8°r1

671 61 6°1 8°s 8’s €Lt €LY 0 S°ET 9° e

(n 3¢) (13 ) (€) (6) (6) (0) (73] (81) Buy3zas yeinieu v -3

2] [4) [ 4] [ 2 [ | 4 0 r1 N

0 0 1] 0 0°0Z ] 0oy 0o 00z 0°0T Futysty
(0) (0) (0) (1 (0) {2) (0) n (19) Poob/ysyy smeb paxa0ls -2
0 4 i ) T ) 0 17 0
[ 0 0 0 (4] 0 0o [ 1, 4 0o A3yryoey Errtysuney
) (0) ()] (0 (0) (0) (0) ) {0) Ivoq/eurien ® jo acussaad -p
tte 0 [Ad2 .18 8'6 [N 44§ 3] 8ot [ 3844

£°9 F4 4 0 E 4 [ 4 9 01 8°0Z T°T L°91 € e

(€) 7) (0) (z) (z) () {om) (m (8) (s paenbagyy jo voussaid -3

[A-14 [ 44 1 24 4 2 L i 14 4] | 34 $°%¢ L1 y°8z €0t

29 S 1 6°Z 'y L o 1Y 6°61 L't ¥°st T

(6) ) » (9 (o1) (s1) () (S) (12) (71 I9331] 3O PdduUISqQE °q

(%) 1 ) ¢ R 4 4 9 ty 8L LSt L9 [ 3 [

r-ov Lt Lt €5t et 8'9 o'z ve 611 v's5T swo0a

9 n (§4] (6) n ) (e1) ) () [{-1¢] Butbuwyo/esnoyyaeq ® jo asuasaid ‘e

[3) 3 8 L 9 3 b € z 1 B EXIFERELEATR)

uot3ednoag

GoT38dnoo0 Aq poeIvinges BOF3IBTAOIONING, 8378 IJUVIIOMI ISON
J-A Prqer

99



1.3 Not Visiting Closest Site

The third question asks the converse of the first one:

(I'f the respondent did not visit the closest site,
ask:) (Hand respondent Card B)

beach is the major recreation site closest
to your honme, yet you did not mention having visited

it. Here are sone reasons, which one best explains

why you did not visit that site?

not aware of that site

do not like the facilities

too crowded

beach too dirty

water too cold

water too dirty

don't own auto, not accessible by public transportation
t o0 expensive

not interested in the activities available there

ot her (please specify)

— - T+~ o0 T

Here we control for proximty to assess the rationale behind site
choice. The principal shortconming of this question is that, since
t he respondent does not visit the closest site, his know edge of
it may be dated or secondhand.

Tabl e V-2 shows the response distribution to this question.
It is remarkable, given the apparent inportance of proximty to
attendance, that 60.2% of the respondents did not visit the closest
sites. O course, the second nobst close site was, in many sanple
clusters, quite close by. The inportance of this finding is mtigated
somewhat by the wi despread ignorance of the closest site (response a).
The ignorance hypothesis is further confirmed by the second npst
important reason, "not interested in the activities available
there," because the beaches were offered quite hombgenous activities:
swi nmi ng, boating, fishing, picnicking, bicycling, strolling and
informal sports were available at all, and only a few offer facilities

for tennis, basketball and other sinmilar specialized sports.
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Table V-7

Distribution of Reasons for not Visiting Closest Site

Reason
a. not aware of that site

b. do not like the facilities
c. too crowded

d. beach too dirty

e. water too cold

f. water too dirty

g. don't own auto, not accessible
by public transportation

h. too expensive

i. not interested in the activities.
avai |l abl e there

j. other

TOTAL

No. Per cent
69 24.6
14 5.0
31 11.0
24 8.5

0 0
32 11. 4

2 A

0 0
39 13.9
70 24.9
281
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Dirty water and crowding ranked third and fourth, respectively
as major deterents to attendance. The hypothesis that good water
qual ity does not encourage attendance, but bad water quality dis-
courages it suggests itself, but is not confirned by the wllingness-
to-pay analysis presented below. Judging fromthe |ow correl ations
between water quality and water quality perceptions, "the water is
too dirty," may be another way of saying "I don't visit the site
because | amtold it is not very nice." Hence a public agency night
reduce attendance at a polluted site by identifying it as such. And
the converse may also be true: water quality inprovenents nay not in-
crease use unless there is adequate publicity that the beach is open
for swmming or that the water quality has been inproved. This nay be
particularly inportant for sites where water quality has been poor

for some time, such as the |ower Charles R ver in Boston

The obvi ous hypot heses concerning the effects of income, race
education, occupation, automobile ownership, public transit usage,
vacation time, and leisure tine on reasons for selecting a site
were tested via contingency tables and no effect was found to be
statistically significant at the 5% level. Once those who do visit
the closest site have been renpved fromthe sanple, it is easy to
see why those remaining do not differ along these socioeconomc |ines,
but the inconme of those visiting the closest site is not statistically

different fromthe incone of those who visit nore distant sites.

1.4 |Inportance of Various Water Characteristics

The final direct question used to probe the relationship
bet ween recreation behavior and water quality focused on the char-
acteristics people feel are inportant to good water quality:
Thinking of water quality, attractiveness of the
wat er for swinmming depends on the col or, odor,

clearness, ampunt of floating debris or scum and
the anmount of aquatic weeds. \Wich characteristic
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is the nost inportant? 2nd nost inportant? Please
rank these characteristics.

col or

odor

cl ear ness
floating debris
aquatic weeds.

®oo0 o

Responses to this question are tabulated in Table V-8. Clarity
(the converse of turbidity) and the absence of floating debris appear
to be the nost inportant paraneters of water quality. These results
contrast with the observed ratings which show only color to be cor-
related with water quality perception (Section |IV-4 above). In this
ranking color is next to last in inmportance. Several explanations
for this contrast are possible. The best is that this question, generic
rather than specific, is not a reliable indicator of perception. Another
is that because turbidity and color are intercorrelated (R=.72 for
our sanple of sites) the two were confused in this question. In
other words, respondents did not understand the distinction between
color and turbidity. In hindsight it may have hindered the analysis

to include both.

The presence of aquatic weeds is of mnor inportance. This may
be due to the low incidences of eutrophication found in Boston's

col d weat her clinmate.
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1.5 Concl usi ons

In sum the responses to these questions do not seemto support
any hypothesis which relates recreation behavior to water quality.
They suggest proximity is the nmost inportant determinant of a site
choice. To the extent that inprovenents in water quality wll open
up beaches proximal to large nunbers of people, the water quality
inprovenent will lead to increased recreation benefits. This would
be the case in many urban places, and particularly Boston.

A secondary conclusion is that recreation behavior is not
overwhel mingly determ ned by socioeconomc variables. To a snal
extent higher levels of SES may reduce the sensitivity to distance
and increase the propensity to visit the nore distant, litter free
beaches in a natural setting. Larger fanmily size suggests a greater
propensity to visit beaches where friends go

Finally, the presence of facilities appears to be an inportant
factor in site choice. If so, inprovements in water quality should
be acconpani ed by beach mai ntenance and capital investnents to gain

recreation benefits.
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2. Public Perception of Water Quality

Do respondents agree on the quality of the water at individua
sites? Does the public perception of water quality match the
obj ective conditions? Wich objective water qualith characteristics
affect nobst strongly the respondent's perception of site conditions?

These are the questions of this section.

The answers are the foundation for the demand nodels presented
in Chapter VI. In particular, a |link between perceived and objective
water quality characteristics is a necessary but not sufficient
condition to establish recreation benefits from water quality

i mprovenent.

2.1 Agreenent Anong Respondents

The first question presents the greatest analytical difficulties
since there is at present no conveni ent nethodol ogy for assessing
t he degree of nominal scale agreenent anobng nultiple raters. There
is a well-devel oped nmethodol ogy for the case of two raters involving
the kappa statistic but with nore than two raters the only available
approach appears to be to conpute the full set of <§> pai rwi se agreenent
statistics and to average them  This procedure can be applied when
there is a small nunmber of raters but it is manifestly inpractical with
several hundred raters.* Therefore, an informal analysis of the
rating distribution nust suffice. The distributions of water quality
ratings for sites 1 to 29 are shown in Table V-9. Wth the exception
of sites 6, 22 and 23, the distributions seemto be reasonably tight.

Judgi ng the degree of concensus by the percentage of total responses

*The problem of multiple raters is discussed in Fleiss [3] and
Light [6]. Fleiss presents an application of the procedure described
inthe text to a case with six observers. This problemis also
di scussed briefly in Bishop et al [1].
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Table V-9
Distribution of Ratings of Water Quality for 28 Sites

4 of % of Ratings in Category
Site Eval uati ons 1 2 3 4
1 24 12.5 29.2 29.2 16.7 12.5
2 44 15.9 34.1 31.8 15.9 2.3
3 98 9.2 17.3 33.7 27.6 12.2
4 119 37.0 29.4 22.7 8.4 2.5
5 10 20.0 20.0 30.0 20.0 10.0
6 13 23.1 15. 4 15. 4 38.5 7.7
7 14 42.9 28.6 7.1 14.3 7.1
8 27 25.9 44,4 18.5 3.7 7.4
9 7 14.3 28.6 42.9 14.3 0.0
10 9 22.2 33.3 33.3 0.0 11.1
11 11 18.2 18.2 54.5 9.1 0.0
12 12 16. 7 33.3 41.7 8.3 0.0
13 13 30.8 38.5 23.1 7.7 0.0
14 5 20.0 20.0 40.0 20.0 0.0
15 41 34.1 29.3 26.8 9.8 0.0
16 124 4.8 12.1 28.2 30.6 24.2
17 57 0.0 3.5 12.3 40.4 43.9
18 86 3.5 3.5 11.6 45.3 36.0
19 45 6.7 13.3 26.7 35.6 17.8
20 28 3.6 3.6 21. 4 21.4 50.0
21 18 0.0 5.6 16.7 38.9 38.9
22 34 26.5 14.7 23.5 14. 7 20.6
23 23 26.1 34.8 21. 7 0.0 17. 4
24 18 50.0 16. 7 22.2 5.6 5.6
25 24 8.3 16. 7 29.2 33.3 12.5
26 46 4.3 17. 4 23.9 34.8 19.6
27 8 37.5 12.5 12.5 25.0 12.5
28 20 20.0 15.0 30.0 20.0 15.0

NOTE: Rows sumto 100% apart fromrounding errors. The

nmodal rating in each row is underlined. Site 29 was
on]y rated by two respondents and is, therefore,
onmtted.  (1=bad, 3=fair, 5=good)
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accounted for by the nodal response, the concensus is somewhat greater,

in general, for the sites with a higher nodal water quality rating.

2.2 Accuracy of Perceptions

G ven reasonably consistent ratings, the conceptually nore
i nportant question of the accuracy of respondent's perceptions of
wat er quality conditions can be considered. Before proceeding
with this issue, recall that the yardstick for measuring the accuracy
of public perceptions is the data obtained from our own water quality
survey. Every effort was made to make these sanples as representative
as possible. Wth this caveat, consider Table V-10 which shows the
correlation between water quality rating and the 16 objective neasures
of water quality. Negative correlations would be expected in al
cases. Wth the exception of color, none of the correlations are
statistically distinguishable fromzero. The correlation between
perceived water quality and color is only.noderate, equalling -.377.
The low correlation might, of course, be due to the delay in inplenent-

ing the survey.

To obtain nmore detailed evidence on the accuracy of the
respondents' perceptions of water quality and, at the same tine,
in order to exanmne the relative inmportance of different water quality
paraneters in the formation of people's perceptions of water quality,
we regressed the water quality ratings for all sites on various
objective water quality variables. There are some statistical problens
with this procedure arising fromthe special nature of the dependent
vari abl e. Firstly, the water quality rating (RMQUAL) is a discrete
variable; respondents were asked to rate sites on the integer scale
from1l to 5. Because ordinary |east squares regression does not
constrain the predicted value of the dependent variable to be an
integer, it is nore difficult to assess the true degree of association
bet ween the dependent and independent variables on the basis of the
filled regression equation. Secondly, it is possible to argue that

RMUAL is not a cardinal but an ordinal variable: a person who rates
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Tabl e V-10

Correl ati ons Between Water Quality Rating and Water Quality

Vari abl es
Vari abl e Correlation”
aL -.1100
JTU -. 0796
COLOR - 377T*
PH . 1032
ALK . 0953
TPOS -. 1553
NI TR -.1044
AMVO -. 1752
COoD -. 0136
caLl -.1340
TBAC -. 0606
TEMP -. 2550
FACTOR1 L1211
FACTOR2 -.0516
FACTOR 3 -. 1986
FACTOR 4 -. 0385

A figures are based on 29 observations (sites),
those with an asterisk are significant at the
5% | evel .
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a site at 4 certainly likes it nore than a site which he rates at
2, but not necessarily twice as nmuch nore. Odinary |east squares
is not a desirable technique for handling this type of dependent
vari abl e. Rather, it is preferable to use the maxi mum |ikelihood

estimation procedure which is described bel ow

W start, however, with some OLS regressions of RWQUAL on sel -
ected water quality variables and the conposit water quality factors.
The results of these regressions are shown in Table V-11. It is clear
that the water quality ratings are significantly affected by all the
wat er quality paranmeters, except QL. The slope coefficients for
nost variabl es have the signs which we woul d expect; the only exceptions
are the coefficients of squared pH deviations froma neutral value of 7,
and of tenperature. The sign of the coefficient for tenperature may be
an artifact of the sanple since inner-harbor sites are both warmer and
more polluted than the nore distant ones. The performance of the factor
scores as explanatory variables is somewhat disappointing: on the
whol e, they do not perform any better than the water quality paraneters
to which they are related. Factor 3, the clarity factor, performs best
as woul d be expected. The bacterial factor, Factor 4, also has an
adequate t-statistic. Anmpng the npst inportant paraneters for explain-
ing water quality ratings are TURBIDITY, COLOR, PHOSPHORUS, AMVONI A,
and COLI FORM and TOTAL BACTERIA.* The explanatory power of the individua
equations is low, but this is partly to be expected because of the
di screteness of the dependent variable. W are thus led to the con-
clusion that, while there is a significant connection between objective
water quality conditions and the subjective water quality ratings, the

degree of association between them does not appear to be very great.

*The slope coefficients for TOTAL and COLI FORM BACTERI A appear

sonewhat sinilar and, indeed, when RWMQUAL is regressed on both vari-
ables, the hypothesis that they have the sane slope coefficient
cannot be rejected
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Table V-11
Regression of Water Quality and Tenperature Ratings on Water Quality

Par anet er s

(984 observati ons)

RWQUAL = 3.057 + 0.00254 O L =. 000
(42.73)  (0.36)

RWQUAL = 3.256 - 0.0537 TURBIDITY R=. 024
(56.73)  (4.88)

RWQUAL = 3.41 - 0.0529 COLOR R%=. 037
(48.57) (6. 11)

RWQUAL = 2.743 + 0.353 (PH-7) 2 r%=. 008
(22.08) (2.76)

RWQUAL = 2.834 + 0.00263 ALKALI NI TY r%=. 005
(24.44)  (2.25)

RWQUAL = 3.499 - 7.6351 PHOSPHORUS R%=. 064
(53.2)  (8.18)

RWQUAL = 3.096 - 0.3117 NI TROGEN r%=. 006
(72.44) (2.45)

RAQUAL = 3.287 - 0.4665 AMVONI A r%=. 032
(59.17) (5. 67)

RWQUAL = 3.244 - 0.00534 COD r%=. 007
(42.84)  (2.64)

RWQUAL = 3.165 - 0.0000542 COLI FORM r2=. 022

BACTERI A

(64.19)  (4.66)

RWQUAL = 3.215 - 0.0000164 TOTAL BACTERIA  g2=.021
(62.32)  (4.53)

RWQUAL = 8.162 - 0.0773 TEMPERATURE r%=. 025
(7.95)  (4.96)

RWQUAL = 3.037 + 0.0976 FACTOR 1 R%=. 004
(18.18)  (2.02)

RWQUAL = 3.059 - 0.0794 FACTOR 2 R'=. 002
(71.82)  (1.55)

RWQUAL = 2.964 - 0.2995 FACTOR 3 R%=. 024
(63.33)  (4.89)

RWQUAL = 3.054 - 0.1681 FACTCR 4 rZ=.013
(72.18)  (3.58)

RTEMP = 0.13 + 0.04082 TEMPERATURE R%=. 007
(0.12)  (2.57
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A subsidiary issue, which can conveniently be analyzed in the
regression context, is the question of whether respondent's from
househol ds which participated in boating or fishing mght have a
different perception of water quality than other respondents. This
could be tested by adding a dummy variable for participation in
these activities to the regression in Table V-11 but this would not
necessarily be the best procedure, since there is no presunption
that fishers or boaters rate sites higher or |ower than the public
at large. Rather, the presunption is merely that they rate sites
differently from other people. To test this hypothesis, we
conducted separate regressions of RWQUAL on COLOR and COLI for
respondents from househol ds which participated in boating and/or
fishing and for respondents from households which do not.* In
addition, we conducted a regression on the full posted sanple
The regression results are as follows:

FI SHERS/ BOATERS (551 (bservati ons)

RMUAL = 3.353 - 0.033 COLOR - 0.0000449 ca.l R2=.037
(34.2) (2.54) (2.54) F = 10.65
SSR= 989. 46
NON- FI SHERS/ BOATERS (429 Observations)
RMUAL = 3.501 - 0.06203 COLOR - 0.00000381 COL
(35.54) (4. 45) (0.21) =. 06
= 13.68
SSR= 636. 98
FULL SAMPLE POOLED (980 Observations)
RWQUAL = 3.415 - 0.0448 COLOR - 0.0000277 COLI r%=.043
(48.91) (4.70) (2.16) F=2216
SSR= 1632. 09

*These explanatory variables were chosen as being anong the nost
important in the single variable regressions. Another variable which
we attenmpted to include is PHOSPHORUS, but it turned out that this
variable is highly collinear with COLOR and COLI, and, therefore
it was dropped fromthe regression.
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Applying the standard Chow test for the equality of interceptor and
sl ope coefficients, we find that the hypothesis of honpbgeneity between

fishers/boaters and others cannot be rejected.

2.3 Odinal Rankings Considered

A maxi mum likelihood estimation technique can explicitly allow
for the fact that the dependent variable may provide only an
ordinal raking of sites. The logic of the nbdel is as follows. It
is assuned that the respondent's true sentinent towards recreation
sites, W is a function of certain variables, X, and a random
di sturbance (representing, perhaps, random differences in tastes).

Wi = XiB + Vi' .. (1)

The variable, W is a continuous, cardinal neasure of preference
However we do not observe it directly, instead we observe a discrete

ordinal variable, Y, which is a function of Wand of certain

t hreshol d" paraneters, tl’ t, t3, ty-
Y. =1 if W, <t
i X i 1
Y. =2 ift, <W, <¢t
i i i 2

Y, =3 if £, < W, <t

i 2 i 3
Yi = 4 if t3 < Wi < t4
Y. =5 if W, < t..

i i 4

The threshold paraneters together with the coefficient vector B8

are to be estimated fromthe observed data on Y and X

The nodel represented by (1) and (2) is flexible, in that it
specifically enables a test of the assunption that Y is cardinal

if the estimted tj are (approximately) the integers froml to 4 we
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may conclude that Y is approximtely a cardinal nmeasure; in these
circumstances, the results fromthe OLS regressions presented

above woul d indeed be adequate. Otherwi se, these conclusions

woul d not be warranted. The nodel is also plausible in that it
corresponds to the way in which one intuitively thinks of rating
site conditions; it seems quite likely that people's underlying
sentinents towards the sites are cardinal in nature but are then
mapped into a discrete, ordinal variable in the process of answering
t he questionnaire.

In order to estimate the nodel it is necessary to make sone
assunptions about the distribution of the random variable u in (1)
It is convenient to assume that these variables are independently
and identically distributed, having a common normal distribution with
mean zero and variance o2. The resulting likelihood function is:

t.-X.8 t.-X.B t.-X.B
1 2
i - i 1- p[ 1cr i 1 - .

4(8t[x,Y) = Yigl p[ ]- Yg=2 {r[
t -X.B8 t.-X.B8 t -X, 8

mee (2] - [22 e n (e[ 22D

= y.=5 o

yi—4 i

where P[X] is the standard normal cunul ative density function. In
this nodel o is not identifiable nor are all the threshold terns and
the intercept in (1). As nornalizations we take o=t,=1; with this
assunption we can estinmate both g8 and the differences j'tj—l) up
to a nultiplicative scale factor. The likelihood function is
maxi m zed by an iterative procedure which converged very rapidly
in our experience.* Estimates of the variances and covariances of
the coefficients are obtained fromthe Hessian of the |ikelihood

function at the final iteration. From these estimates, the standard

*The convergence criterion criterion was that successive
coefficient estimates nust differ by less than .001 before the
iteration stops. Wth our data this always happened by the sixth
iteration.
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t-test for significance can be derived since the conputed test
statistic asynptotically follows the t-distribution.

In order to inplenent the nodel, we focused on the relationship
between the objective neasures of color and coliform bacteria
and subjective water quality relationships. The coefficient estimtes
are shown in the upper panel of Table V-12 (with the absol ute val ue
of the asynptotic t-statistic in parenthesis). It is noteworthy
that the three bounded ranges are roughly (though not exactly)
equal |y spaced, which tends to support the hypothesis that, at |east
inits mddle range, RMQUAL is a cardinal measure. W can test the
degree of association between the regressor variables and RMUAL in
at least two ways. The nethod is to conpute the predicted scores
using the estinmated coefficients and see how many times the predicted
score matches the actual score. The results of this test are very
di scouraging for the hypothesis of a strong correlation between
objective site conditions and subjective perceptions: the predicted
scores were all "1" (& ranged from -410 to -0.74), whereas only 155

of the 984 actual values of RMUAL were 1. By this criterion, the nodel's

fit is very poor. An alternative procedure to perform an anal ogue
of the F-test in standard OLS regression to test the hypothesis is
that the slope coefficients are jointly zero. For this purpose, we
drop the regressor variables fromthe nodel while retaining the
constant term and re-estimate the nodel. The resulting coefficient
estimates are shown in Table V-12 in the |ower panel. Although the
l'i kelihood function is lower for the second nodel than for the first,
the difference is too small to be significant and hence we cannot
reject the hypothesis that the slope coefficients are indeed zero.*

*An alternative measure of association would be the nultiseria
correlation coefficient between the predicted value of Wand the
actual value of RMQUAL. See Cox [2].
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Table V-12

Maxi mum Li kel i hood Estimates of Ordinally Discrete Dependent

Vari abl e Model

W = perceived water quality

W= 2.293 - 0.0353 COLOR - 0.00002328 COL
(32.96)  (4.52) (2.21)

1
[EEN

RWQUAL if W< 1

=2 if 1< W< 1.617
(39.01)

=3 if 1.617 < W< 2.262
(43.73)

=4 if 2.262 < W< 2.995
(48. 34)

=5 if W< 2.995

-4 = 1541.48

BACT

if W< 1

-

=2 if 1 <W< 1.605
(39. 44)

=3 if 1.605 < W< 2.32
(44.13)

=4 if 2.32 < W< 2.947
(48. 59)

=5 if W< 2,947

-4 = 1562.48
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2.4 Concl usi ons

In sum the hypothesis that water quality perceptions are not
linked to actual water quality cannot be rejected on the basis of
our data. Aside from data problens described el sewhere in this
report, the nost obvious explanation of this result is that human
sensory perception of water quality is inaccurate. This is not
a surprising conclusion, particularly for the "invisible" contam nants
such as bacteria, algal nutrients, COD, etc. Perhaps our only per-
ception of water quality occurs when a beach is closed by the health
departnment. Alternately, this result may derive from sone undis-
covered peculiarity of our sample of raters. In any case, this
concl usi on jeopardizes the search for a link between |evels of

water quality and denand
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VI.  WLLI NGNESS- TO- PAY

The willingness-to-pay survey nmethod is frequently used for
determning the value of public goods. This method, in essence,
directly constructs a demand curve and its concomtant consuner
surplus integral. Davis [3] pioneered the approach in the recrea-
tion research, and subsequently nany researchers have applied it
to the economics of water quality enhancenment. Some of these
studies are reviewed in Chapter Il. Presumably, willingness-to-pay
i ncorporates option demand and aesthetic benefits as well as the

benefits from actual recreation.

Bias in benefit estimates from w llingness-to-pay surveys
are well known, but operate both to over- and under-state the goods’
true value. The "free rider" problem suggests that wllingness-to-
pay will understate the true social value of the good. |In the other
direction, the fact that the willingness-to-pay debts wll never
cone due could lead to extravagant estimates of value. To our
know edge, no research has adequately sorted out the relative magni-

tude of these effects.

Three questions were designed to elicit the wllingness of
respondents to pay for clean water for recreation:
WIP1

A How much could the cost of visiting this site
be raised before you started visiting your
second nost favorite site nore:

a.  $.50 e. $4.00

b. $1.00 f. $5-10.00

c. $2.00 g. nore than $10.00
d. $3.00
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WI'P2

B. Suppose that this site were to become very polluted
and the water quality would be reduced to a ranking
of 1. This could be avoided if sufficient funds
were raised to pay for the necessary clean-up. If
these funds were to be raised through a higher
entrance fee, how nmuch would you be willing to pay
to prevent this decline in water quality?

a. $.50 e. $4.00
b. $1.00 f. $5-10.00
c. $2.00 g. nore than $10.00
d. $3.00
WIP3
C Suppose that the water quality could be made nuch

better (inmproved to a ranking of 5) if sufficient
funds were raised to pay for the necessary clean-up.
If these funds were to be raised through a higher
entrance fee, how nmuch would you be willing to pay
to achieve the water quality inprovenent?

a. $.50 e. $4.00

b. $1.00 f. $5-10.00

c. $2.00 g. nore than $10.00
d.  $3.00

The anal ysis of these questions is in four parts. The first
section below outlines the principal theoretical underpinning need
for interpreting the responses to those questions. The next
section analyzes the responses to the three questions via con-
tingency tables. Mean willingness-to-pay is conputed, and
vari ations across subgroups of the sanple are exami ned. Contingency
tables are too restrictive to exam ne adequately the determ nants
of willingness-to-pay on the possible non-linear functiona
rel ationships involved. The third section uses OLS regression to
probe those relationships nore deeply. The final part of this
chapter summarizes the major enpirical findings and presents sone
benefit estimations based on these findings.
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1. The Theoretic Basis for WIIlingness-to-Pay Cal cul ations

Three measures of wllingness-to-pay are available, correspond-
ing to the three survey questions reproduced above. This brief
and informal explanation of the theoretical infrastructure under-
lying these concepts is intended to define nore precisely
what these questions neasure and the distinctions between them
A nmore formal analysis of wllingness-to-pay (consumer surplus)
and specification of the demand curve is presented in Chapter VII

bel ow.

The analysis starts with the individual's demand curve for a
given site, which we assume to be a function of sone nmeasure of the
cost of recreation at the site (including travel cost, entry fee,
etc.); we use the blanket term "price" to refer to this variable.
Tenporarily ignoring the other variables which mght affect the
demand for the site, draw the individual's demand curve as a function
of the price of the site; this curve is represented by the l|ine
DD in Figure VI-1a. In this diagram the recreationist is
assuned to face a price of OP for visiting the site and, at that
price, he makes OQ visits. Follow ng the standard agrunent of
el ementary mcro-econom c testbooks, we assert that the area OPDAQ
may be taken as an approxinate measure of the consuner's tota
benefit from making OQ visits to the site, the area OPAQ neasures
his expenditures for visiting the site, and the area PDA may be
taken as an approxinmate neasure of his_net benefit (consuner's
surplus) fromvisiting the site OQtimes. This last area is
(approxinately) the maxi mum additional amount which the individua
would be willing to pay for visiting the site OQ tines rather
than not at all.
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Figure VI-1: Demand Curves for an Individual Recreation Site

122



What can be said about the determi nants of this area? Hol di ng
all other variables constant, it is larger when the price of the
site is lower (and the nunber of visits to the site larger). It
will also be affected by variables which shift the demand curve
DD holding price constant. Thus, if recreation at the site is
a normal good and the individual's income rises, the demand curve
woul d shift outwards. This is illustrated in Figure VI-1b.

If the individual's incone rises (or if we are conparing two individuals,
one having a larger income than the other) the demand curve changes
fromDD to HH; wth price constant at OP, the net benefit increases,
the amount of the increase being the area ADHBA'. Sinmilarly, if
sone alternative site which the individual might visit as a sub-
stitute declines in quality, we would expect the individual's denmand
for this site to increase and, with it, net benefit. Finally, if
the quality of this site itself is upgraded, we woul d expect his
demand to increase; assumng his demand curve shifts fromDD to

HH we may take the area as an approxi mate neasure of his net

benefit from the inprovenent in quality. Conversely, if the site's
qual ity declines and if the initial demand curve is taken to be HH,
this area is a nmeasure or approxi mate measure of the disbenefit
arising fromthe quality change. Probably it is a function of the
magni tude of the quality change, but not necessarily of other
variables. However, it is possible that this area is a function of
the initial level of water quality or the initial number of visits
(if we assume, say, a declining marginal utility of water quality)
and it is not inconceivable that it is also a function of income

(if we assume that the marginal utility of site quality is not
constant with respect to incone). Nevertheless it is quite possible
that these variables might not affect the magnitude of the net bene-

fit for water quality changes.
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Wth this background, we can consider nore precisely what the
wi | lingness-to-pay questions measure using Figure VI-1b. Consider
the |last neasures, WIP3, the value of achieving water quality
increases is assessed. Here we ask the respondent to tell us
the maxi mum he would pay (i.e., P°P') to nove his demand curve
fromDD to HH (and inplicity still consume OQ units of recreation).
His net benefit before and after the shift nust be equal (or else
he would be willing to pay nore) so the areas P BH and p°AD nust be
equal. The net benefit he would receive if water were inproved and
the charges not levied is, therefore, PYA'BP'. This quantity is
proportional to PPP' and an estimate which understates its magnitude
is given by poaBp'. O course, this analysis assunmes the denmand
curves are approximately linear over the range considered and that
DD and HH are parallel. Note that the parallel shift assunption
is the nore critical one for recovering reasonabl e approxinations

to the change in net benefits fromthe willingness-to-pay questions.

Ideally, we would like to determine the wllingness-to-pay
over the entire season rather than the wllingness-to-pay per
visit and then an exact measure of net benefit would be avail able.
But, the former is manifestly unreliable in a survey research
context. For any respondent, wllingness to pay over the whole
season can be estimated by nultiplying the reported willingness-
to-pay by nunber of the current visits. WP2, the value of
avoi ding water quality declines can be derived simlarly.

Figure VI-1c has been constructed to help analyze the first
wi | |ingness-to-pay question, WP1. This question asks how nuch the
cost per visit could be increased before the nunber of visits de-
clines, not necessarily to zero, but to sone snaller nunber, and the
best substitute for that site is visited nore often. Wen perfect
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substitutes are available, consumers' surplus vanishes. This
question in effect uses the inplicit rates of substitution between
the two nore preferred sites to conpile the net benefit of the
nost preferred site.

If the consumer is presently visiting the site @° times, we
assume that if he visits it less he visits it Q times where
Qo-Q' is sone integer (not necessarily unity) which depends on
the relative attractiveness of this site and the second nost
favorite site. The situation is depicted in Figure VI-1c for
two different demand curves, DD and HH . Suppose, first, that
the true demand curve is DD ; with price P°, the individual makes
Q@ visits. The question, in effect, asks for the maxi num | ength
(P'-PO) such that if price increased to P, the individual would
begin to reduce the number of his visits.

The change in net benefit fromthis change in price and con-
sunption equals POQOBP'. |In general, this area depends on the
magni t ude of the "mnimum required reduction" 9°Q', which is un-
known to us. Assune the reduction is small (i.e., ©°Q' equals
unity) which is not inplausible given the wording of the question
Then the change in net benefit is bounded above by the quantity
(POP')-QC,.the reported wllingness-to-pay nultiplied by nunber of
visits prior to the price increases.

Cbserve that the net benefit depends strongly on the slope of
the demand curve. To see this conpare the demand curves DD, and HH
in Figure VI-1c. Wth the latter demand curve, the sane starting
amount, and "mnimm required reduction,” the answer to our question
woul d be ", a considerably l|arger amount than BOP'. But under
those conditions, and assumng that the demand curve is |inear
over this range, then the percent error in the net benefit estimte

does not depend on the slope of the demand curve.
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W hypot hesize that the nagnitude of the price increase {(poP' or
WP1) is positively related to the respondents househol d incone
and the quality of the site, and negatively to the price of visiting
the site (measured by, say, travel time or distance). It may be
positively or negatively related to the total nunber of visits to
the site and the total nunmber of visits to other sites.
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2. Tabul ar Analysis of WIIingness-to-Pay

The responses to the willingness-to-pay questions are presented
in Table VI-1. Several results fromthis table are of interest.
First, the mean values of willingness-to-pay is greater than zero
(significant at the 5% level) for all three neasures. In other words,
despite their inaccurate perception of water quality, respondents were
willing to pay to avoid it. This suggests that the principal benefits

of water quality inprovenents are essentially "conservation" oriented

rather than "use" oriented.

Second, the increnental value of the favorite site over the
second site is less than the value of either avoiding water pollution
or achieving water quality inprovenments (the difference is not, how
ever, statistically significant at the 5% level). Since to avoid
the water quality deterioration, the person could shift to the
second site and not pay the added cost, this difference reinforces the
hypot hesi zed non-usage (nmerit good, |atent demand, option demand, or
aesthetic) benefit of water quality inprovement. |In fact, since we
have found only tenuous, at best, support for the relationship between
wat er quality and recreation behavior, we might speculate that nost of
the willingness-to-pay is in these categories.

The third result is that willingness-to-pay is symetric between
avoi ding declines and achieving inprovenent in water quality. A three-
way contingency table shows a strong correlation between response to
WP2 and WPT3 (i.e., the hypothesis of independence can be rejected at
the 5% level). This is not unexpected in survey research. Furt her -
more, the distribution means for WIP2 and WIP3 are nearly identica
and the standard deviation differs only by 1.1% |largely because nost
respondents answered the questions identically. This sinmlarity suggests
two hypotheses: either tastes are symretric and the water quality
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TABLE VI-1

Distribution of WIlingness to Pay

($ per visit)
Question

WTPL WTP2 WTP3

# % # % # %
$ .50 128 | 36.0 86 | 25.4 84 | 24.8
$1.00 84 1 24.0 113 [33.3 113 }33.3
$2.00 e8| 19.4 67 119.8 70 120.6
$3.00 26 7.4 26 7.7 27 8.0
54.00 17 4.9 14 4.1 14 4.1
$5-10 16 4.6 24 7.1 21 6.2
> 10 13| 3.7 9] 2.7 | 10} 2.9
Median 1.083 1.239 1.237
Mean 1.978 2.077 2.034
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rating equals 2.5 or tastes are nonsymetric to account for water
quality ratings different from2.5. As seen in Section |V 2.3 above
the mean water quality rating equals 2.881, and is slightly skewed to
the right. A rating of 2.5 is not statistically different (at 5% con-
fidence) fromthe observed mean. Conbined with the symmetry of re-
sponse to questions WIP2 and WIP3, the difference suggests avoiding
water quality declines is not so valuable as achieving water quality

i mprovenents. This is contrary to the expressed preferences which
associ ated (negatively) site choice only with bad water quality and
find little if any response to good water quality. Again, we mnust
conclude that these w llingness-to-pay questions neasure sonething

outsi de recreational usage.

Previous studies have found willingness-to-pay for water
quality inmprovement to be related to income and education. CQur
analysis is nore limted, being confined to the recreation context,
but we still would expect a positive correlation between willingness-
to-pay and incone, education and occupation. Too, we expected whites
to have higher levels of willingness-to-pay than blacks. None of
these hypotheses were confirmed at the 5% level.* No S-shaped curve
between incone and willingness-to-pay, as suggested by sone
authors could be discerned fromthe tables. A significant positive
correlation was found between famly size and willingness-to-pay, but
this relationship disappeared when willingness-to-pay was conputed

on a per capita basis.

Thi s absence of correlation was surprising. Since our sanple
SES characteristics are close to those for the SMSA as a whol e,
these results suggest that the wllingness-to-pay is uniform across
the population. The individual ambunts are small, so perhaps they
do not constitute an adequately large portion of total income to

i nduce any differential effect.

*The next section probes these relationships in greater depth.
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Alternatively, in general, the poorer group of our sample live
closer to the lower quality inner city beaches. Conversely, the
nore wealthy visit the better quality outer beaches nore often.

Since there was substantial agreement concerning the perceived

water quality across the sites, we could postulate that the poor

are willing to pay nore in proportion to their income than the

weal thy because they currently visit poorer sites and would like to
see them inprove. However, then the wealthy should be willing to
pay nmore to avoid declines in their good sites and a positive incone
correlation with WIP2 should exist. But no such correlation was
found. Bolstered by the regression analysis in Section 3, Section 4

of this chapter returns to these concl usions.

A second set of hypotheses were fornulated to examne the re-
| ationship between willingness-to-pay and access to recreation.
Access included ownership of an autompbile, amount of leisure time
each week, anount of vacation time per year, total amount of
recreation equi prent owned and the use of public transit. W ex-
pected auto ownership to be negatively correlated and all the
others positively with willingness-to-pay. At the 5% level, only
transit usage was significant as shown in Table VI-2. Frequent
users of public transit may not have access to high quality sites,
and, therefore, perceive greater benefits fromwater quality im

provenents and disbenefits from declines.

The | ast subgroup examined were participants in various
activities. W hypothesized that participants would be nore
sensitive to water quality benefits than non-participants. For
swimers, boaters, wal kers and bicyclists, the hypothesis was
not proved. For fishernen, the hypothesis can be accepted at a
5% | evel of confidence, and the contingency table is shown in
Table VI-3
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Table VI-2
W lingness to Pay By Transit Usage

Transit Use
Al most
Never Never Cccasional |y Frequently

$.50 (12) (14) (7) 52)
14.1 16.5 8.2 61.2
18. 2 19.2 12.1 36.9
$1.00 (23) (27) (27) (36)
20. 4 23.9 23.9 31.9
34.8 37.0 46. 6 25.5
$2.00 (11) (20) (11) (25)
16. 4 29.9 16. 4 37.3
16. 7 27. 4 19.0 17.7
$3. 00 (7) (5) (6) (8)
26.9 19.2 23.1 30.8
10.6 6.8 10. 3 5.7
$4.00 (1) (2) (3) (8)
7.1 14.3 21. 4 57.1
1.5 2.7 5.2 57
$5-10. 00 (11) (3) (2) (8)
45.8 12.5 8.3 33.3
16. 7 4.1 3.4 57

more than
$10. 00 (1) (2) (2) (4)
11.1 22.2 22.2 44 4
1.5 2.7 3.4 2.8

Tabl e shows cell count in ( ), row percentages and
col um percent ages.
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Table VI-3
WIllings to Pay by Participation in Fishing

1 2 3 4 5 6 7
1. Fishernen (40) (39) (26) (16) (9) (5) (7)
28.2 | 27.5 | 18.3 | 11.3 6.3 3.5 4.9
31.7 | 46.4 | 38.2 | 61.5 | 52.9 |31.3 |[53.8
2. Non-Fishermen | (86) (45) (42) (10) (8) (11) (6)
41.3 | 21.6 | 20.2 4.8 3.8 5.3 2.9
68.3 | 53.6 | 61.8 | 38.5 | 47.1 |68.8 |46.2

Tabl e shows cell count in ( ), row percentages
and col umm percent ages.
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3. Regression Analysis of WIIlingness to Pay

For ordinary |east squares regression analysis, it is conveni-
ent to continuous variables for both the dependent variable--wlling-
ness to pay--and the independent variables. This assunption is not
strictly necessary--we shall relax it partially below-but it greatly
simplifies the analysis and it seens to be fairly reasonable in the
present case. The answers to the willingness to pay questions are
essentially ranges: the respondent who checks response (d)--$3--
may be presunmed to be actually willing to pay some anount greater
than $2.50, but less than $3.50, and sinmlarly with the other re-
sponses. Nevertheless, the ranges are relatively snmall, and there-
fore it is not unreasonable to use the midpoints of the ranges in
pl ace of the unknown neans. A simlar argunent applies to the in-
cone variable. In doing this we arbitrarily take the (unknown) m d-
point of the last willingness to pay answer--"nmore than $10--to be
$15 and with the income variable we take the mdpoint of the first

i ncone class to be $2,500 and that of the last class to be $60, 000. *

The properties of the resulting estinmator have been anal yzed

by Haitovsky [4]. He shows that they are biased in general
but if the number of categories into which the dependent
variable is classified is the same as the number of categories into

whi ch the explanatory variable is classified, the resulting estina-
tor will be the sane as that obtained by using the (unknown) neans
of the ranges instead of the mdpoints. Cramer [2] has shown that
the latter estimator is unbiased, although inefficient. Haitovsky [
al so shows that when the number of categories for the explanatory
variable is larger than for the nunber for the dependent variable--

*These values are actually closer to the mean of the first and
| ast groups computed from a Pareto distribution.
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as is the case when we regress wllingness to pay on incone--the

sl ope coefficient obtained by using the midpoints is likely to be
larger in absolute value than that obtained by using the neans.

In addition, he shows that the |oss of efficiency due to grouping
declines as the category size is smaller and as the popul ation cor-
relati on between the dependent and independent variabl e approaches
unity

The other issue which we nust address is the functional form
of the relationship between willingness to pay and its deterninant.
We had no reason a priori to prefer any particular form W there-

fore considered several different functional forms, including the

fol | owi ng:
1 b
I ;—a+b/x. eyx= (ax + B)
Ix Iny=a - Db/x t-:yx=b/x
IIT 1Iny = a + bx € = bx
yx
v Iny=a+Dbln x € =b
yx
b
v y =a+bln x € = =
yx |y
vIi y = a + bx € - BX
yx Yy

wher e eyx= g{- (3;-) is the elasticity of y with respect to x.

Form 1, with b<0, is an f'shaped function, intercepting the x-
axis at zero and approaching 1/a asynptotically as x increases to
infinity., FormlIl with b>0 is anfshaped function, passing through
the origin and approaching (a) asynptotically as x increases to in-
finity., Formlll with b>0 is aanhaped function, cutting the y-
axis at a. FormV with b>0 is shaped rather like Form |, except

a/b

that it cuts the x-axis at e and increases w thout bound as x
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increases. The shapes of the other two functions require no expla-
nation. \Wen necessary, an appropriate criterion for choosing

anong alternatives 11, IIl and IV, or between V and VI is mnimzing
the residual sum of squares fromthe fitted regression--or, equiva-
lently, maxim zing the R2 statistic. However, in order to choose
between the three broad classes of functions (1), (I, I, V),

(V, 1), with respectively 1/y, 1n y andy as the dependent variable,
it is necessary to apply the likelihood ratio test suggested by Box
and Cox [1].

As before, we refer to the additional wllingness to pay for
visiting the respondent's favorite site as WIP1, the willingness to
pay to prevent the site from becom ng polluted as WIP2, and the
Wi llingness to pay to obtain a higher level of water quality as
WP3. Since these three neasures pertain to different concepts,
there is no reason why they should be identical in value. [In order
to test this, we regress one measure on the other; if the tw nea-
sures were identical, the estinated intercept would not be signifi-
cantly non-zero and the estimated slope coefficient would not be
statistically different fromunity. The regressions are perforned
on the data subsets containing answers to both questions, for each
of the three pairs of neasures. The results are as foll ows:

WIP2 = 1.031 + 0.5715 WIPL R? = .335 (275 obs. )
(5.88) (11.73)

WIP3 = 0.983 + 0.547 WIPL R? = .362 (277 obs.)
(5.94) (12.48)

WIP3 = 0.248 + 0.8662 WIP2 r? = 772 (293 obs.)

(2.55)  (31.4)

1The numbers in parentheses below the coefficient estimtes are
t-statistics.
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Cearly, WIP2 and WIP3 are closer in value to each other than to
W'P1, but no pair of these neasures is sufficiently close to be
consi dered statistically identical.1

Det erm nants of WP1

On the basis of the considerations outlined in Section 1, we
hypot hesi ze that WIP1 is a positive function of income (INC), a
negative function of travel time (TIME) and distance to the site
(DI ST), which are a large conponent of the site's "price", a posi-
tive function of the household' s total nunber of visits to the site
(HVS), and a positive function of the site's quality. For the |ast
variable we can use either the respondent's subjective rating of
the site's characteristics or the "objective" water quality char-

acteristics.

The results of sone bivariate regressions are shown in Table
VI-4. It turns out that there is little relationship between wll-
ingness to pay and income. The two preferred equations--one of them
representing an S-shaped relationship--indicate that the relation-
ship is significant at the 90% but not the 95%level. As hypothe-
Sized, there is a positive relationship between the number of visits
and willingness to pay. WIIingness-to-pay and travel time or distance,
which may be taken as proxies for price, are also positively associated,
an unexpected result. W discuss this result in greater detail bel ow

The next three sets of regressions show that there is a
strongly significant relationship between wllingness-to-pay and

*In fact, our of the 293 cases where the respondent provided data
on both WIP2 and WIP3, the response was the same in 251 cases: in
24 cases WIP3 exceeded WIP2 and in 18 cases WIP2 exceeded WP3.

All the intercepts are significantly different from zero, and
sl ope coefficients are less than unity at the 95% | evel.
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Table VI-4

Sone Regressions with WPT1 as Dependent Variable

LNCOVE (256 observations)

* FORM |.  1/WIPL = 0.9854 + 988.47/INC R%=.012 f=3.12
(13.37) (1.78)
* FORM I, 1n(WIPL) = 0.3672 - 1177.28/INC R%=.01  f=2.68
(1. 64)
FORM IV.  In(WIP1) = -1.017 + 0.13431n(INC) R2=.009 f=2.21
(1.19) (L. 49)
HOUSEHOLD VI SITS TO SITE (308 observations)
FORM V.  WIPL = 1.57 + 0.31141n(HVS) R%=0.13  f=4.05
(4.63) (2.01)
* FORMVI. WIPL = 1.92 + 0.0191 - HVS R%=.013  f=4.19
(9.33) (2.05)
DI STANCE FROM SI TE (290 observations)
FORM |.  1/WIPL - 1.02 + 0.1535/Di ST R%=.01  f-3.02
(19.12) (1.741
* FORM VI.  In(WIPL) = 0.029 + 0.0274 * DI ST R2-.049  f=14.95
(0.38) (3.87).
FORM VI.  1In(WIPl) = 1.767 + 0.0442 + DIST R%=.013  f=3.67
(7.07) (1.92)
TRAVEL TIME (293 observations)
FORM I.  1/WIPL = 0.979 + 1.395/TIME R%=.011  f=3.19
(16.7) (1.79)
* FORM IV.  1n(WIP1) = -0.405 + 0.20661n(TI NE) R%=.038 f=11.43
(1.93)  (3.38)
FORM VI. WIPL = 1.82 + 0.00995TI ME R%=.015  f=4.52
(7.12) (2.13)
RATI NG OF WATER QUALITY (303 observations)
FORM |.  1/WIPL = 0.8441 + 0.519/ RWQUAL R2=0.39  f=12.27
(11.52)  (3.50)
* FORM [11. 1n(WIP1) = -0.2105 + 0.1485 - RWQUAL R%=.05  f=15.78
(1.59) (3.97)
FORM VI. WIPL = 1.141 + 0.3223RWQUAL R%=.022  f=6.91
(2.63) (2.63)
RATI NG OF BEACH QUALITY (303 observations)
FORM |.  1/WIPL = 0.9085 + 0.4698/ RBQUAL R%=.02  f=6.13
(11.85)  (2.48)
* FORM I1. 1n(WIP1) = -0.295 + 0.1535RBQUAL R%=.043 f=13.46
(1.85  (3.67)
FORM IV. WIPL = 0.761 + 0.3881RBQUAL R%=.026  f=8.1
(1.46)  (2.85)
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Table VI-4 ((CONTI NUED)

Sone Regressions with WPT1 as Dependent Variable

RATI NG OF CROADI NG (308 observations)

FORM 1.  1/WIPL = 0.965 + 0.2273/ RCROND
(12.67) (1.59)

FORM I11. 1n/WIP1) = -0.0197 + 0.094RCRO/D
(0.15) (2. 41)

FORM VI. WIPL = 1.296 + 0.2906RCROWD
(2.31)

FACTOR 4 (245 observations)

FORM | . 1/WP1 = 1.0277 - 0.00924/ FACT4
(21.48)  (1.98)

FORM 1.  1n(WIP1) = 0.2943 + 0.0129/ FACT4

(4.9) (2.2)

FORM VI.  WIP1 = 2.131 + 0(250381? - FACT4

PH (245 observations)

FORM 1. 1/WP1 = 1.033 + 0.0125/pH
(20.92)  (1.4)

FORMI1.  1n(WIP1) = 0.2902 - 0.0186/pH
(4.68)  (1.66)

TURBI DI TY (187 observations)

FORMI.  1/WIPL = 0.965 + 0.5268/ TURB
(12.24) (3.4)

FORM V.  1n(WIP1) = -0.24 + 0.28221n(TURB)
(3.15)  (3.79)

FORM VI. WIP1 = 01 + 0.1468 - TURB
(3.

1.1
(3.79) 2)
COLI FORM BACTERI A (245 observati ons)

FORM I11. 1In(WP1) = 0.2036 + 0.0000341 - CBACT

(3.33) (1.84)

FORM VI. WIP1 = 1.8802 + 0.0000135 - CBACT
(9.99) (2.36)

&%=.008
R"=.019

R"=.017

R2=.016
R =.019

R"=,021

R2-.003

R?B.Oll

R™=.059
R =0.72

R%=.052

R"=.014

R'=.022

NOTES: 1. The absolute values of the t-statistic are given in

parent heses bel ow the coefficient estinates.
2. The critical values at the 95% | evel

for the t-

and f-statistics are respectively 1.96 and 3.84.

3. An asterisk denotes the functional

formwhich is

preferred on the basis of the likelihood ratio test.
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perceived site quality, as neasured by the rating of water quality,
beach quality and crowding.* However, the relationship between

wi I lingness to pay and "objective" water quality is tenuous at best.
Many objective water quality neasures, such as the sites' scores

for Factors 1, 2 and 3 and such variables as alkalinity and col or
bear no significant relationship to wllingness to pay. Those vari-
abl es which do have a significant slope coefficient, such as pH
(measured in terns of squared deviations fromthe value of 7), tur-
bidity and coliform bacteria, have a positive coefficient instead

of a negative one (it should be renenbered that |arger values of
these variables signify a greater degree of pollution). The only
exception is the site scores for Factor 4 (which are positively
correlated with bacteria counts); the regressions equation using
Forms | and Il indicate a significant negative relationship with
willingness to pay, while the equation using Form VI indicates a
significant positive relationship. This last result is difficult to
interpret since it is unlikely that recreationists can perceive
bacteria, let alone a conposite water quality factor which | oads
heaving on the bacteria count.

The divergence between the results obtained using subjective
ratings of site characteristics and objective measures of water
quality reaffirm one's doubts concerning the accuracy of the re-
spondent's perception of water quality conditions at the Boston
area sites.

There remains the question of the positive slope coefficient
in the regressions of WIP1L on TIME and DI ST. Larger values of
these variables, signifying a higher cost of access to the site
and shoul d be associated with smaller anounts of wllingness to
pay. One explanation for the positive slope coefficients is that
the nmore distant sites are of a better quality than the closer sites,
so that distance is serving as a proxy for site quality. That this

*These variables are here treated as being continuous, cardi-
nal variables, The appropriateness of this assunption was discussed
more fully in Section V 2.3, above.
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expl anation has sone validity is shown by the correlation coeffi-
cients between distance and various site quality variables dis-
played in Table VI-5. * In order to exanine the relationship be-
tween willingness to pay and distance, allowing for the separate
effects of site quality, consider these regressions of WPl on both

di stance and quality variables:**

1n(WTP1) = -0.323 + 0.0301 DIST + 0.1617 RWQUAL
(1.9)  (.69) (3.89)
R = .066 F = 9.03
In(WTP1) = -0.288 + 0.0329 DIST + 0.1328 RBQUAL
(1.51)  (.73) (2.73)
R = .039 F = 5.18
1n(WTP1) = -0.296 + 0.0024 TIME + 0.1509 RWQUAL
(2.07)  (1.59) (3.62)
R = .073 F = 10.123
In(WTP1) = -0.289 + 0.0031 TIME + 0.1253 RBQUAL
(1.64) (2.07) (2.69)
R® = .053 F=7.13

It seens from these regression equations that, even when the effects
of site quality are renmoved, there is still a sonewhat positive re-

| ati onship between willingness to pay and distance. The sane con-

cl usi on hol ds when incone, which is positively correlated with both

di stance and willingness to pay, is held constant, as can be seen

fromthe follow ng regressions: ***

*These correlation coefficients are conmputed fromthe full set
of data on household visits to all sites, rather than nerely the
visits to the favorite site.

**These regressions are based on 260 observations; the notation
and display is the same as in Table VI-1

***These regressions are based on 226 observati ons.
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1In(WTP1)

-0.242 + 0.0139 DIST + 0.1301 RWQUAL - 353.15/INC

(1.31)  (1.56) (2.69) (.48)
R% = .076 F = 6.1
In(WTPl)} = -0.242 + 0.0024 TIME + 0.1422 RWQUAL - 520.18/INC
(1.31)  (1.56) (3.12) (.71)
R%=.076 F=6.1

Thus, it seens possible that respondents place a positive pre-
mum on nore distant sites, even when the effects of site quality
and income are renoved. There are two possible explanations for
this phenomenon. The npbst obvious explanation is that respondents
visit those sites for their natural setting, |lack of crowding, or
other site characteristics not included. Another explanation is
based on the specialized definition of the WIP1 vari abl e, discussed
in Section 1 above; it may be that the length (Q%-@) in Figure VI -1c
is larger for nore distant sites than for nearer sites; that is,
if the household is to reduce the number of its visits to its fa-
vorite site, the minimumreduction is larger for nore distant sites.
The alternative explanation is that recreation sites, like certain
other commdities,. may be subject to the Veblen effect: consuners

are willing to buy larger quantities of the higher priced good.

Det er mi nants of WP2

The results of sone regressions of WIP2 on various explanatory
variables are shown in Table VI-6. WIIlingness to pay to avoid
very polluted site condition appears to be an increasing function
of incone, although the confidence intervals on this result are
wi de. Also, increases in present site conditions tend to increase
WP2. Fromthe fact that functional formlll has the best fit of
all six forms, we may infer that willingness to pay elasticity ac-
tually increases with quality of present site conditions, which re-

futes the dimnishing marginal utility of water quality hypothesis
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Table VI-6

Sone Regressions with WIP2 as Dependent

Vari abl e

| NCOVE (247 observations)

. 1/WP2 = 0.8492 + 1253.57 - 1/INC

0.
(12.26)  (2.33)

I11. 1n(WIP2) = 0.185 + .00001113 . INC
(1.7) (1.82)

IV.  1n(WIP2) = -1.1571 + .1602 1n(I1NQ)
(1.37) (1.79)
RATING OF WATER QUALITY (292 observations)

. 1WP2 = 0.825 + 0.3828/ RAQUAL
(11.68)  (2.7)

I11. In(WIP2) = -0.0549 + .1188 - RWQUAL

IV.  In(WIP2) = 0.05083 + 0.26581n( RWQUAL)
(.46) (2.84)

RATING OF BEACH QUALITY (294 observations)

. 1/WP2 = 0.8109 + 0.529/ RBQUAL
(11.39)  (3.11)

1. 1n(WP2) = -0.162 + 0.1319 - RBQUAL
(1.08)  (3.33)

IV.  1n(WIP2) = -0.0338 + 0.291n( RBQUAL)
(.25) (2.71)

R%=.033
R%=.013

R2-.013

R°=.025

R%=.034

R%=.027
R%=.032

Rz-.037

R%=.025

PARTI CI PATI ON I N FI SHI NG BOATI NG (303 observations)

I11. In(WIP2) = 0.209 + 0.2094PART
(2.80)  (2.06)

VI. WIP2 = 1.838 + 0.6497PART
(7.85) (2.04)

R2=.014

RZ-.014

DI STANCE/ TI ME, WATER QUALITY RATING AND | NCOVE (226 observations)

1. In(WP2) = -1.113 + 0.0116DIST + 0.0815RWQUAL + 0.1171n(1NC)

(1.29)  (1.29) (1.72)

(1.25)

[11. 1n(WP2) = -1.276 + 0.000794TIME + 0.1014 RWQUAL + 0.13441n(INC)

(1.49)  (0.51) (2.28)
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R =.05
f=3.92
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suggested above. In addition, we have regressed WIP2 on a dummy
vari abl e PART, which takes the value 1 of menbers of the respon-
dents' household engaged in boating and/or fishing, and the val ue

0 otherwise. As we night expect, participation in these activities
increases the respondent's willingness to pay to avoid pollution by
about 20% over nonparticipants. Finally, as with WIP1, there is
some evidence of a positive relationship between distance and wll -
ingness to pay, even when water quality rating and income are held

constant.

Det ermi nants of WIP3

The results of sone regressions of WIP3 on several explanatory
variables are shown in Table VI-7. The nost inportant finding is
that willingness to pay to obtain an inprovenent in water quality
increases with present site quality. This is conpletely counter-
intuitive: we had hypothesized that willingness to pay would be
greatest when existing site conditions were very poor, because visi-
tors to such sites would have the greatest anount to gain, both ab-
solutely and relative to the starting position. The finding that
the reverse seens to be true suggests that the taste for water
quality increases with the respondent's exposure to it. In terns
of utility theory, we are suggesting that the marginal utility of
water quality may increase with "consunption" of water quality,
at least within the range covered by the present sanple.
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Table VI-7

Regressions with WIP3 as Dependent Vari abl e

| NCOVE (247 observations)

3 1/WIP3 = 0.9007 + 736.33/INC r%=.008 F=1.87
(12.97)
I11.  In(WIP3) = 0.2878 + 0.00000344 |NC r%=.001 F=0. 33
(2.71) (.57)
IV.  1n(WIP3) = -0.1737 + 0.05441n(1NC) r%=.002 F=0. 38
(.21) (.62)
RATI NG OF WATER QUALITY (292 observations)
. 1/WIP3 = 0.819 + 0.3544/ RWQUAL R%=.023 F=6. 81
(11.77)  (2.61)
111, 1n(WIP3) = 0.0093 + 0.1023 RWQUAL R%=.027 F=7.97
(. 07) (2.82)
IV.  1n(WIP3) = 0.1058 + 0.22291n( RWQUAL) R%=.02 F=6.03
(1.0)  (2.46)
RATI NG OF BEACH QUALITY (295 observations)
I, 1/WIP3= 0.7908 + 0.5281/ RBQUAL r%=.035 F=10. 5
(11.38) (3.24)
I11.  1n(WIP3) = -0.088 + 0.116 RBQUAL R%=.029 F=8. 87
(.60)  (2.98)
IV.  1n(WIP3) = 0.0171 + 0.26161n( RBQUAL) R%=.021 F=6. 31
(.13) (2.51)
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4. Concl usi ons: Dol lar Values of WIlingness to Pay in the
Bost on SMSA

WIllingness to pay for water quality exceeds zero despite the
general |y poor perception of water quality. The evidence suggests
that the net benefits inplied by this do not necessarily derive
fromthe direct usage of the water, but may al so be based on an
option demand character of water quality. Bostonians appear to

val ue conservati on.

WIllingness to pay to either achieve water quality inprovenents
or avoid water quality degradation increases with better site qual -
ity. In other words, the value of inproving/naintaining good sites
is greater than that for poorer sites. This finding holds once in-
come and distance (setting) effects are removed as well. It sug-
gests there are increasing returns to water quality inprovenments.
Because the costs of water pollution abatenment typically display
increasing marginal costs, this finding inplies that much higher
levels of water quality contact than previously thought may be so-
cially efficient.

From the response to the willingness-to-pay questions (WP2 or
W'P3), a dollar value of water quality inprovenents (or cost of de-
clines) can be estimated fromthe fornula devel oped in Section 1.
Recal | these estimates probably overstate the true net benefits.

We assume our sanple is representative of the Boston SMSA popul ation,
and no adjustnents are needed to account for variation due to social
economi ¢ or other factors. On the average, responding househol ds
made 20.75 visits to a recreation site during the period. Valued

at the median wllingness-to-pay figure (1.259) this inplies a value
of about 26.11 per househol d per year for water quality inprovenents.
This equals $17.3 million per year for the 1970 Boston SM5SA
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popul ati on. Using the nean figure of $2.065, the per capita figure
becomes $42.85 per year, and the SMBA figure rises to 28.4 nmillion
per year. Because the data are categorical, confidence bands for
these estimates cannot be sinply calculated. But the distribution
is skewed to the right, so any equal probability confidence inter-
vals would find deviations to the high side nore likely. Remenber
that this value is not necessarily generated by direct recreation
usage al one, but also by the conservation value of achieving and

mai nt ai ning good quality water in the Boston area.
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VII. MULTI PLE SI TE DEMAND FUNCTI ONS

The formal econom c analogue to willingness-to-pay is
consuner's surplus neasured from an appropriately specified
demand function. Qur analysis focuses on multiple site demand
systens because substitutions between the sites were significant.
Table VII-1 shows the response to a direct question on
substitutions:

Let's tal k about the beach, lake or river site you

visited nost, that was , Site
nunber

If water quality became much worse (declined
to a ranking of 1), what would your response be?
a. still visit the sane beach as nuch

b. wvisit that site less frequently and some
other site nore (specify which one bel ow)

c. visit that site less frequently and parti-
cipate in sone other non-water-based
recreation nore (specify which activity
bel ow) .

d. participate in outdoor recreation |ess,
no change in other leisure

e. participate in outdoor recreation |ess
and indoor recreation nore.
Most (56.9% respondents would shift to their second nost favorite
site. Over three-quarters of all respondents would continue to
participate in water-based activities at the system of sites
under study.
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Table VII-1
Substitution Induced by Water Quality Decline

Response No. Per cent
still visit the same beach as much 83 20.9

visit that site less frequently
and sone other site nore 226 56. 9

visit that site less frequently
and participate in some other
non- wat er - based recreation nore 53 13. 4

participate in outdoor recreation
I ess, no change in other |eisure 21 5 3

participate in outdoor recreation
| ess and indoor recreation nore 14 3.5

Five sections conplete the demand analysis. The first
section discusses in a qualitative way demand at the system of sites.
Section 2 presents some aggregated regressions which focus nore
specifically on the determinants of recreation behavior. These
sections, conbined with the background matter presented in previous
chapters, set the stage for the demand nodel ling of sections 3 and 4.
Section 3 enploys the abstract site demand functions pioneered in
transportation econonmics to estimate the functional relationships
between site characteristics and site demand. However, the speci-
fication does not permt recovery of an exact neasure of consumners’
surplue (net benefit), so Section 4 considers a system of denand
equations derived explicitly froma utility nodel. Unfortunately,
estimation of these equations, a conplex operation, exceeded the
level of the project's resources. This nodel is left specified
but not estimated. The |ast section presents benefit estinates
fromthe abstract site nmbdel, and comments on benefit estimates
fromthe system denmand nodel
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1. A Review of the Data

Table VI1-2 shows the nunmber of nentions and visits for each site
in our survey. The first colum contains the number of househol ds who
visited each site at |east once during the summer of 1974; the second
colum gives the total nunber of visits to the site by these househol ds.
The medi an nunber of visits to a site, conputed fromthe third colum
of the table, is 7 visits per household. For reasons to be explained
bel ow, the statistical analysis will be focused mainly on sites 1-29
these sites account for almst 80% of the total nunber of nentions but
only 66.6% of the total nunber of household visits. Thus the excluded
sites appear to have a somwhat higher average visitation rate per house-
hol d. In fact, however, this is msleading because sonme of the excluded
sites are really conposites of individual sites. If we adjust for this,
the average visitation rates for the included and excluded sites would be

fairly simlar.

To get sone feel for the coverage of the sanple Table VII-3 presents
a conparison of the site attendances generated by the respondents to our
questionnaire and estimates of total attendance at selected sites for
which data is available. The data in second colum of the table was ob-
tained by nmultiplying the nunber of household visits to each site by the
average group size and sunming this over all respondents. The data in the
first colum cones froma variety of sources. Attendance figures were
generally not available at the head office of the MDC or at other official
agencies in Boston, but sone data was available fromstaff at the sites
when we visited them The quality of the data is unknown: some of it
comes froma survey conducted in 1969; in other cases the data is based
on parking and entrance fee receipts. Taking this data at face val ue, ob-
serve that the households in our sanple generated 0.13% of the estinated
total attendance at these sites. This may be conpared with the ratio be-

tween our sanple population and the total Boston area popul ation, which
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Table VII-2

Individual Site Visits and Mentions

Site # of Mentions # of Household Visits (2)/(1)
1 21 150 7.1
2 45 306 6.8
3 98 681 6.9
4 112 906 8.1
5 9 98 10.9
6 15 68 4.5
7 14 188 13.4
8 30 107 3.6
9 7 22 3.1
10 11 44 4.0
11 9 209 23.2
12 11 121 11.0
13 11 57 5.2
14 4 16 4.0
15 30 382 12.7
16 115 948 8.2
17 51 256 5.0
18 74 306 4.1
19 43 167 3.9
20 23 77 3.3
21 15 80 5.3
22 34 212 6.2
23 14 162 11.6
24 17 216 12.7
25 20 312 15. 6
26 47 180 3.8
27 8 26 3.3
28 22 143 6.5
29 2 15 7.5
30 24 294 12.3
31 43 556 12.9
*32 12 102 5.7
33 10 71 7.1
*34 4 8 2.0
35 9 94 10. 4
36 4 74 18.5
37 4 96 24.0
*38 27 408 15.1
*39 24 300 12.5
*40 18 119 6.6
41 11 141 12.8
*42 49 937 19.1
*43 6 30 5.0
Al Stes 1163 1685 8.3
' Mean 2.49 20. 74 9.0

NOTE:  Colum (1) excludes those respondents who nmentioned a site
for the purpose of rating its characteristics but did not

actually visit it.

An Asterisk denotes those "sites" which are actually groups
each mention refers to a different
site and/or different respondent.

of

i ndi vi dua

i ndi vi dua

sites;
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Table VII-3

Total Attendance and Attendance from Sanpl e Househol ds
At Selected Sites
(1) (2) (3)
Esti mat ed Att endance Percent of
Annual by Sanple Tot a
At t endance Househol ds At t endance
103 visitor (visitor Generated by
Site days) days) Sanpl e
1 ) 428
2 5 2000 957 0.17
3 1998
4 6400 5124 0.08
5 350 2021 0.58
6 750 289 0.04
7 500 881 0.18
9 92
10 2500 90 0.02
12 384
15 750 1628 0.22
16 2700 3370 0.12
18 140 1246 0. 89
22 150 918 0.61
23 175 991 0.57
24 750 602 0.08
27 40 84 0.21
28 120 662 0.55
29 105 141 0.13
TOTAL 17, 430 21,911 0.13
NOTE:  Columm (2) is nunber of visits by household nmenmbers to

sites nultiplied by average group size.

Colum (3) contains fractions of one percent.
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amounts to about 0.06%  The conparison suggests that the househol ds

in our sanple could be responsible for nore recreation visits than the
average household in the Boston area. However, this conclusion nust be
treated with considerable caution, for the total attendance estinates are
not reliable. Some of these figures date back to 1969 and others

are only guesses of nunbers of autompbiles, so that they understate
present attendance levels. On the other hand, it should be noted that

the attendance nmay have been generated by a popul ation larger than that

of the Boston metropolitan area, since they may contain visits by tourists
fromel sewhere in the state or fromout of state

The next issue to be considered is how many sites each househol d
visits. W pointed out in Chapter Ill that certain statistical site de-
mand nmodel s could be applied only if it were believed that each indivi-
dual visited one and only one of the alternative sites. |t is there-
fore inportant to check the validity of this assumption. Table VII|-4
shows the distribution of the nunber of sites visited by respondents.

It is clear that the assunption is not valid: two thirds of the sanple
visited nore than one site in the summer of 1974. In fact, that nean
nunber of sites visited was 2.5 sites per household, and the nedian and
nmodal nunber was 2 sites. Thus we must rule out those nodels which pre-
suppose the choice of a single site.

In fact, two types of demand nodels were estimated. The explana-
tory variables in one type include income and househol d structure and
the own price and quality variables for the site: in the other type
of nodel s, besides these variables, there are also the prices and
quantities of the other (n-1) sites. In order to generate the data on
subjective site quality ratings necessary for the inplenmentation of the
second type of nodel we included questions in our questionnaire asking
respondents to rate the quality of other sites which they knew about but did
not visit. Unfortunately, these questions were not very successful and,
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Table VII-4

Household Site Visitation Patterns

# of Sites # of
Vi sited Cccurrences

0 56

1 106

2 114

3 69

4 54

5 21

6 17

7 10

8 8

9 3

10 2

11 1
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for one reason or another, nost respondents did not answer them  Thus,

while we have 1312 site cards, each representing the netnion of one site

by one respondent, only 148 cards represent the nention of sites which the

respondent did not visit but where he was willing to rate site quality.

To all intents and purposes, then, we do not have subjective ratings of

the sites which respondent did not visit. Since nost respondents visited

only 2 or 3 sites, this rules out the majority of the sites where we

wi sh to nodel demand. Accordingly, if we wish to include a full set of

(n-1)

other site variables in each demand equation, we have to use the objective

neasure of water quality obtained from our water sanples from 29 sites.
This is why we are forced to exclude sites 30-43 from nost of the

statistical anlaysis.

The sane problemarises with the price variable. However, there
are sone additional considerations. The questionnnaire asks how nuch it
costs respondents to gain access to a site in parking or entrance fees.
It also asks how nuch respondents spend once they are at the site. As
Table VII-5 shows, npbst persons said that they incurred no expenditures
for access--about 73% of the nmentions indicate a zero price--and about

one third of the respondents said they had no on-site expenditures. W

cannot tell how accurate these responses are: since the interviews were

adm ni stered three nonths after the end of the summer recreation season,

it

is possible that the respondents have underestinmated their true expenditures.

In view of these difficulties, we have decided throughout this chapter to

replace price with distance, which is easily conputed for all sites.
This is a quite common practice in recreation studies and is justified
if travel and access costs are proportional to distance. That this

m ght be so is suggested by the follow ng regression of access costs,

as reported by respondents, on distance (in nmiles):

Price = 0.0949 + 0.04086 Distance R = .012 F = 22.35

11 N (A 7 1
AL e Uy [ I ) i1
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Qccurrences of Zero Expenditures for Site Visits

Table VII-5

# of Mentions with Zero
Expendi t ures
Site # of Mentions for Access On-site
1 21 20 11
2 45 35 32
3 98 56 45
4 112 94 54
5 9 8 6
6 15 13 12
7 14 12 10
8 30 29 20
9 7 7 5
10 11 11 8
11 9 9 3
12 11 10 4
13 11 7 7
14 4 0 1
15 30 30 28
16 115 81 51
17 51 27 29
18 74 30 41
19 43 29 30
20 23 14 15
21 15 10 9
22 34 34 25
23 14 13 9
24 17 16 15
25 20 20 18
26 48 45 39
27 8 5 7
28 22 9 18
29 2 1 2
30 24 24 22
31 43 42 41
32 18 9 8
33 10 3 6
34 4 4 2
35 9 9 8
36 4 3 3
37 4 4 4
38 27 24 20
39 24 17 23
40 18 11 5
41 11 11 8
42 49
43 6 5 1
Al Sites 1164 241 408
NOTE: This table excludes those respondents who mentioned

a site for the purpose of

but did not actually visit
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2. Sone Deterninants of Recreation Activity

Al though the followi ng sections present demand functions for in-
dividual sites, it is interesting to consider how the total nunmber of
sites visited or the total number of visits to all sites per household
is affected by various socio-econoni ¢ and denographic factors, Sone
regressions with thse dependent variables are shown in Table VII-6.

The first equations deal with household income and structure. KIDS is
the nunmber of persons aged 17 and under in the respondents' househol d;
PEOPLE is the total nunber of persons of all ages in the househol d.

W might expect that the number of children in the household woul d have

a stronger effect on the scope of the household' s beach recreation activ-
ity than the total size of the household. The opposite appears to be

the case:* in no case was the slope coefficient significantly different
fromzero for KIDS. Also, it appears that the household income has no in-
fluence on the total number of visits to all sites by household (although
it does affect the total nunber of sites visited--richer fanilies are
likely to visit more sites than poor famlies). However, the relationship
is fairly weak and is conplicated by the collinearity between househol d

i ncome and size.**

The next two regressions deal with racial differences in recreation
activity. IRISH is dumy variable taking the value 1 if the respondent
descri bed hinmself as having an Irish background. [ITALIAN is a dunmy vari-
able for respondents with an Italian background and OTHER CAUCASI AN is a
dummy variable for other Caucasian backgrounds. Thus the slope coefficients
represent differential effects relative to respondents from minority groups--
American Indian, Asian-American, Black and Spanish Surnane. In the regres-
sions of both numbers of visits to all sites and nunber of sites visited

*Simlar results were obtained when we used a dummy variabl e taking
the value 1 if there were children and 0 if there were none, in place of
the continuous variable KIDS

**In these regressions we have replaced m ssing household incone val ues
with the sanple nean, $14,137. This is the so-called zero-order regression
met hod--see Afifi and Elashoff [1 ]; in the present context it produces
unbi ased but inefficient estimates.
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Table VII-6

Total Site Visitation as a Function of Selected Socioecononic Characteristics

(462 observati ons)

# VISITS = 8.309 + 0.71171n(INC) + 1.4317 PEOPLE R%=.01 F=2.41
(.37) (.30) (2.08)
# VISITS = 15.012 - 1373.79/INC + 1.4628 PEOPLE R®=.01 F=2.37
(3.86) (.08) (2.13)
# SITES = 0.116 + 0.24281n(INC) + 0.1736 KIDS R%=.008 F=1.74
(.08) (1.58) (.89)
# SITES = 2.611 - 2099.74/INC + 0.1783 KI DS R%=.009 F=2.14
(13.26)  (1.82) (.92)
# SITES = 0.39 + 0.17461n(INC) + 0.1148 PEOPLE R%=.02  F=4.59
(.27) (1.12) (2.55)
# SITES = 2.203 - 1654.43/INC + 0.1142 PEOPLE R%=.022 F=4.98
(8.67)  (1.43) (2.55)
INC = 11266.4 + 732.145 PEOPLE R%=.035 F=16.75

(13.5) (4. 09)

# VISITS = 13.94 + 16.02 IRISH + 5.2 I TALIAN + 5.4 OTHER CAUCASI AN
(3.20) (3.01) (0. 95) (1.13) , i
R°=.026 F=4.07

# SITES = 1.98 + 0.95 IRISH + 0.77 I TALIAN + 0.38 OTHER CAUCASI AN
(6.89)  (2.7) (2.13) (1.22) 5
R°=.022 F=3.38

# VISITS = 10.30 + 3.213 AUTO OANERSH P R%=.002 F=.73
(5.33) (0. 85)

# SITES = 2.14 + 0.448 AUTO OANERSHI P R%=.007 F=3.29
(9.51) (1.81)

2
# VISITS = 19.46 + 0.527 DAYS WORKED PER W\EEK R"=.000 F= 16
(4.78)  (0.39)
2
# SITES = 1.973 + 0.188 DAYS WORKED PER WEEK R'=.01 F=4.6

(7.4)  (2.15)
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the hypothesis that the slope coefficients are all zero--if there is

no difference in the recreation behavior of mnority and other groups--
is rejected at the .05 level. However, in the first regression, it is
clear that only the Irish have a significantly different recreation be-
havi or--on average they make 16 nore visits per househol d--while

Italian and other Caucasian respondents have the same behavi or as minor-
ity group respondents. In the case of the nunber of sites visited, both
Irish and Italian, but not other Caucasians, have a significantly differ-
ent behavior from minority groups; noreover, the hypothesis that Irish
and Italian respondents have the same behavior cannot be rejected at the
.05 level.

The renaining regressions show that autonobile ownership has sone
effect on the number of sites visited, but not on the total of visits to
all sites: and also that the length of the working week has a simlar ef-
fect. However, the sign of the relationship is the opposite of
what we might expect--it appears that |onger working weeks lead to a lar-
ger nunber of sites being visited. In some regressions not reported here,
we found no relationship between the length of paid vacation and the to-
tal number of visits to all sites or the total nunber of sites visited.
This is not surprising since our data pertains to day trips and we m ght
expect vacation length to influence nore extended trips but not day trips.
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3. Abstract Site Demand Functions

The demand functions presented in this section differ fromthe
demand functions to be discussed in the next section in two ways.
Firstly, the demand functions presented in this section contain only
own price and quality variables. Secondly, they are not derived from
an explicity utility function.* On the other hand, the denmand func-
tions in this section differ fromthose estimated by C awson and Knetch
[5], and those who have copied their nethodology in that instead of
estimating separate demand functions for each site or for groups of
sites and included site quality explicity as an explanatory variable.
The denmand functions thus resenble the "abstract node" demand functions
pi oneered in transportation econonics by Quandt and Baumpl L9]. The
functions which we estimate have the follow ng form

Vie = f[dit'zi' Cit'Yt] .o (D)

wher e Ve is the nunber of visits to a site i by an individual t, d .
is the distance traveled (a proxy for price) for individual t in visiting
site i, z, is a vector of "objective" characteristics of site i, C.e is

a vector of characteristics of site i as perceived by individual t, and
Yy is a fector of characteristics pertaining to individual t, such as

househol d i ncone and conpositi on.

At this point we nust deal with the question of zero visitation
rates. As Table VII-4 indicates, nobody in our sanple visits all of the

possi bl e sites and indeed, nost people visit very few of them W re-

*In Section 3 of Chapter 3 we suggested a specific utility function
which would | ead to demand functions containing only own price and quality
vari abl es--see equation (13) of Chapter 3. However, as we pointed out,
these particular demand functions require a form of constrained estimation
whi ch woul d be very burdensone conputationally, and we have not attenpted
to estimate them
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marked in Chapter 111 that the problem of zero visitation rates can be

i ncorporated into stochastic choice system demand nodels, but it would

be prohibitively expensive to apply such a nodel when there are so nany
alternative sites. It is relatively easier to deal with this phenonenon
in the context of the ad-hoc demand functions represented by (1). Since
there are 4627 respondents in our sanple and 29 sites (at |east), (vit)
woul d be a vector with 13,543 (= 467 x 29) rows. 912 el enments of (Vit)
woul d be non-zero--this is the nunmber of nentions corresponding to sites
1-29, as listed in Table VII-1--and the renai nder woul d be zero. The obvious
estimation nmethod woul d be Tobit analysis.* Unfortunately, however, the
data sets involved are too large to be handled by the conventional Tobit
programs. The alternative is a two-step procedure suggested by Gol dberger
[ 6], in which the analysis is broken down into two issues.** The first
issue is what determnes whether a given individual visits a given site

at all. W can think of the dependent variable, Vigr @ bei ng a dummy
variable which takes the value 1 if individual t makes at |east one visit
to site i, and the value zero otherwise. Thus (vit) is a 13543 x 1 vector
of 1's and 0's. The second issue is: given that an individual visits a
site, what determ nes how many tines he visits it? |In this case, the anal-
ysis is restricted to the subject of cases where visits are actually made,
and the dependent variable, Vit’ is a 912 x 1 vector containing the (non-
zero) numbers of visits by each household to each site.

The two-stage procedure does not necessarily produce the same coeffi-
cient estinmates as the theoretically preferable Tobit analysis, but is is
the best alternative available. Mreover, as Coldberger [ 6] points out,
it is somewhat nmore flexible than the Tobit procedure because it allows us
to specify different,sets of regressors in the two stages of the estimation.
Thus the factors which determne the probability of an individual's making
any visit to a site need not be the sane as those which determ ne how many

*See, e.g., GColdberger [6].
**Col dberger [6].
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visits he nakes to those sites which he does visit. W intend to ex-
ploit this opportunity; indeed it is necessary for us to do so because
as noted in Section 1, subjective site ratings are generally available
only for those sites which respondents actually visited. Thus these
variabl es can be included in the second, but not the first stage regres-
sion. Moreover, in our opinion, certain socio-econom c variables such
as househol d income and size are not likely to influence whether an indi-
vidual visits a random site, although they are likely to influence how
many visits an individual nakes to a site which he does visit?* There-
fore, we propose to exclude these two variables fromthe first stage re-
gr essi ons.

The first-stage regressions, although conputationally nore conven-
ient than Tobit analysis, are by no means problemfree. The dependent
variable in those regressions is a dummy variable and OLS is not a natura
estimation method in these circunmstances. The normal practice is to use
mexi mum |i kel i hood estimates based on some specification of the random pro-
cess which generates the 1's and 0's,, the npbst conmon specifications being
the Probit and the Logit nodels. The two nodels are quite sinilar but,
Since the latter is nore convenient for reasons to be explained below, we
adopt it here. The idea behind Logit (and Probit) analysis is simlar to
the idea behind the discrete dependent variable nodel presented in Chapter
['l. W assume that there is an underlying unobserved continuous variable
W gi ven by

W=a + Ix.B. +'G. o e (2)
J )

and the observed di chotonmous variable V is generated from Why the rule

*This statenent may not be strictly true in the light of the results
reported in Section 2. An alternative statement, which may be nore accept-
able, is that the influence of household incone and size on the probability
that an arbitrary individual visits an arbitrary site is less interesting
than the influence of these variables on the nunber of visits nmade by an
i ndividual to those sites which he does visit.
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gl if W>0
V=30 1if w<o e )
L

Thus if H(-) is the cumulative distribution function of the random

variabl e 4, we have:

Prob[v-1] - H[-a - ijBj]

Prob[V-O] = l-H[-a - ijBj]

P
(1-p)

If uis assumed to be nornally distributed, we have the Probit Mdel;
if awis assumed to follow the |ogistic distrubtion, we have the Logit

nodel . In the latter case we observe that
P
i = + .
log i a ijB]
and
P = 1
1 _-cz-Zx_. B.'
L T C J J

For either nodel the likelihood function is

L= 1 #l-a-2x.8.] T (1-#[-a-2x.8.]) ... (4)
v, =1 i3 "ig:=° 33

It would be possible to obtain maxi mum likelihood estimates of the
coefficients (zijj) on the basis of (4) but, given the size of our data
set, this would be very expensive. Instead we shall avail ourselves of
a much sinpler conmputational procedure suggested recently by Haggerstrom
[ 7] on the basis of work by Halperin, Blackwol der and Verter [8].
The latter authors show that maximum |ikelihood estimtes of the parane-
ters of the Logit model in practice are very close to the coefficient
estimates obtained by discrimnant analysis. Haggerstrom points out that
di scrimnant analysis coefficients can be obtained froma relatively sim
ple transformation of ordinary |east squares regression coefficients us-

ing a dumy-dependent variable. Thus, while O.S by itself is not an appro-
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priate technique for handling dummy dependent variables, the QLS co-
efficient estimates when suitably transfornmed provide a good approxima-
tion to the maximum |ikelihood estimates of the Logit coefficients, and
the OLSt and F statistics may reasonably be used to test hypotheses
about the Logit coefficients. It should be noted that, although the
predicted values of the dependent variable obtained using OLS are not
constrained to lie between 0 and 1, the predicted values of the depen-
dent variable obtained fromthe transformed OLS coefficients do satisfy
this constraint. Haggerstrom shows that, if {a,Bj) are the OLS coeffi-
cient estimates and ( &,éj ) the discrininant analysis coefficient esti-
nmates the required transformation is:
By = %

a = log (P1/Py) + Cla-k] + %[n? - n;l]
where ¢ = n/SSR, SSR being the sum of squared residuals fromthe QLS
regression nl is the nunber of cases in which the dependent variable

takes the value 1 (i.e. 912), =n-n=12,486, P_=n

2 11
For the reasons nentioned above, we decided that the npst inpor-

/n, and P2=n2/n.

tant regressor variables for the first stage analysis were the distance of
individual t fromthe site i and sone neasures of water quality at site i
On the basis of the regression analysis of wllingness to pay and the ac-
curacy of subjective perception of water quality paraneters reported el se-
where, we decided to confine our analysis to three paranmeters--color, coli-
form bacteria counts and phosphorous content. \When we canme to inplenent
the OLS regression of a dummy variable for site visitation we found

that, even using OLS, the data set exceeded the capacity of the pro-

grans available to us, so we restricted ourselves to no nore than two
regressions and truncated the data set at 11,000 observations. The
results of these regressions are shown in Table VII-7. The regression
coefficients have the signs which we would expect and are significantly
different fromzero: the greater the distance and the nore polluted a

site (in terns of color, coliform bacteria or phosphorus) the |lower the
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Table VII-7

Probability of Site Visitation -- Logit Mode
as Di scri m nant aLs Di scri m nant aLs Di scri m nant

Vari abl e Esti mat e Esti mat e Esti nate Esti nate Esti nate Estimate
CONSTANT 0.1682 -1.245 0.1094 -2.0437 0.1944 -0.392

(25.6) (22.73) (27.79)
DI STANCE -0. 00433 -0. 06543 -0.003 -0. 04465 -0. 00533 -0. 08129

(11.5) (8.18) (13.73)
PHOSPHORUS -0.7332 -11.0799

(13.95)
CaLI -0. 00000315 -0.0000469

(4.97)
COLOR -0. 00803 -0.1232
(17.26)

2
R . 022 . 007 .031
F 120. 42 39.12 176. 38
SSR 727.91 739.12 721.25
n/ SSR 15.11 14. 88 15. 25

n = 11,000; n1 = 803; n2 = 10,197

nrl - 1 _
log(Pl/Pz) + —2'[-51 H,)] = 3.768
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probability that a respondent visits it. The inpact of objective water
quality conditions on the probability that a site is visited at |east

once is unanbi guously established by these results.

However, when we conme to the second stage regressions--the QLS
regression of the nunber of visits by nenbers of a respondent's house-
hold to each site which it visits--we reach a rather different conclu-
sion. Tables VII-8 and VII-9* presents the results of several regressions
of this variable on various sets of regressors including alternatively
subjective water quality ratings and objective nmeasures of water quality.
The other variables are distance from site (DI ST), household incone** and
size (INC, PEOPLE) and a dummy variable, ACCESS, which takes the value 1
if the site is accessible by public transportation and the value O other-
Wi se.*** Several results stand out in these regressions. DI ST always has
a significant negative coefficient and although the coefficient of INC is
unstable in sign and frequently insignificant--at |east partly because of
the colinearity with PEOPLE--in the preferred equations it is positive and
fairly significant. As we mght expect, household size and accessibility
to public transport always have a positive effect on the nunber of visits

to a site although these slope coefficients are not always significant.

The nost inportant findings concern the relative performance of
subj ective and objective neasures of water quality as explanatory vari-
ables. Subjective water quality rating always has a significant positive
coefficient--respondents nmake nore visits to a site which they consider

to be of higher quality. This is not a surprising conclusion, although

*There are 819 rather than 912 observations because 93 site cards
contain no water or beach quality ratings

** As with the regressions presented in section 2, we have replaced
m ssing income values with the nmean incone of $14, 317.

*** |n Tables VII-7 and VII-8 an asterisk nmarks the preferred equation. The

choi ce between functional forns is based on the Box & Cox [3] naxi-
mum | i kel i hood criterion
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Table VII-8

Abstract Site Demand Functions with Subjective Quality
Ratings

(819 observations)

VISITS = 4.226 + 7903.46/INC + 0.8649 RWQUAL - 0.3775 DI ST

(2.76) (1.53) (2.68) (5.73)
+ 2.2461 ACCESS - 0.3804 PECPLE 2
(2.63) (2.13) R™'=.076 F=13.32
VISITS = 5.431 - .00000675 INC + 0.8567 RWQUAL - 0.3889 DI ST
(3.79) (.14) (2.65) (5.89)
+ 2.2323 ACCESS + 0.3346 PECPLE R?=.073 F=12. 82
(2.61) (1.86)
VISITS = 11.441 - 0.671n(INC) + 0.8567 RWQUAL - 0.3811 DI ST
(1.84) (1.00) (2.66) (5.77)
+ 2.2376. ACCESS + 0.3665 PEOPLE R?=.074 F=13. 033
(5.76) (2.60)
In(MSITS) = 1.363 + 512.653/INC + 0.0745 RMQUAL - 0.0464 DI ST
(10.39) (1.16) (2.7) (8.23)
+ 0.088. ACCESS + 0.0172 PEOPLE R2=.103 F=18. 573
(1.2) (1.12)
In(MISITS) = 1.375 + 512.887/INC + 0-0776 RMUAL - 0.0077 RBQUAL
(9.93) (1.16) (2.61) (.27)
- 0.0463 DIST + 0.0875 ACCESS + 0.0175 PECPLE R?=.103 F=15. 473
(8.22) (1.20) (1.14)
*In(MISITS) = 13.607 + 0.0000072 INC + 0.0759 RWQUAL - 0.0485 DI ST
(11.13) (1.78) (2.76) (8.62)
2
+ 0.0861 ACCESS + 0.00856 PEOPLE R°=.105 F=18.98
(1.18) (5. 56)
In(VISITS) = 1.409 + 0.003041n(INC) + 0.0741 RWQUAL - 0.0472 DI ST
(2.65) (.05) (2.69) (8.36)
+ 0. 087 ACCESS + 0.0138 PECPLE R2=.101 F=18. 275
(1.19) (0.90)
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Table VI1-9
Abstract Site Demand Functions with Cbjective Quality
Variables for 29 Sites

VISITS = 5.83 + 7693.71/INC + 0.0000344 COLI + 0.0526 COLCR

(3.92) (1.48) (0. 26) (0.57)
- 0.3025 DIST + 1.9361 ACCESS + 0.426 PEOPLE R%=.068 F=9.901
(4.67) (2.21) (2.38)
VISITS = 5.525 + 7110.52/ I NC - 0.000054 COLI + 0.044 COLOR
(3.69) (1.37) (0. 44) (0.4)
+ 24.217 PHOSPHORUS - 0.2935 DI ST + 1.8 ACCESS
(1.68) (4.52) (2. 05)
+ 0.387 PEOPLE R%=.071 F=8.907
(2.14)
VISITS = 7.023 - 0.00001105 INC + 0.0000352 COLI + 0.0531 OCOLOR
(5.07)  (0.23) (0. 26) (0.57)
- 0.3133 DIST + 1.9239 ACCESS + 0.3843 PEOPLE R%=.066 F=9.52
(4. 84) (2.20) (2.14)

In(MISITS) = 1.54 + 495.99/INC + 0.0000146 COLI - 0.00318 COLOR

(12.12) (1.12) (1. 29) (0.4)
- 0.0408 DIST + 0.0514 ACCESS + 0.0222 PECPLE  R®=0.96 F=14.424
(7. 36) (0. 69) (1. 45)
In(VISITS) = 1.54 + 494.95/INC + 0.0000144 COLI - 0.00335 COLOR
(12.02) (1. 11) (1.17) (0. 36)
+ 0.043. PHOSPHORUS - 0.0407 DIST + 0.0152 ACCESS
(0.03) (7.33) (0. 68)
+ 0.0221 PEOPLE R%=.096 F=12.35
(1.43)
*In(VISITS) = 1.541 + 0.00000672 INC + 0.0000143 OOLI - 0.00279 COLOR
(13.05)  (1.65) (1.27) (0. 35)
+ 0.426. DIST + 0.0494 ACCESS + 0.014 PEOPLE R%=.098 F=14.7
(7.72) (0. 66) (0.91)
In(VISITS) = 1.59 + 0.0021 1n(INC) + 0.0000146 COLI - 0.0031 COLCR
(2.98)  (0.04) (1.3) (0.4)
_ 0.0416 DIST + 0.0505 ACCESS + 0.0188 PECPLE  R°=.095 F=14.2
(7.5) (0.68) (1.22)
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the direction of causation is anbiguous. It mght be best to regard
site ratings as jointly endogenous variables together with site
visitation rates, the true exogenous variables being the objective
measures of site quality. However, there is very little relationship
bet ween objective neasures of site quality and the frequency wth
which a site is visited. The coefficients of COLOR COLI BACT and
PHOS are usually insignificant and frequently of the "w ong" sign.
The data provides little evidence that objectively better sites

are visited nmore frequently, other things being equal

Thus, we nmay conclude that if a site has a better water quality
there is a higher probability that a household taken at random
will visit it at |east once but, given that the household does visit
the site, there is little reason to believe that the site is visited
more frequently than other sites of lower water quality. On the
ot her hand, househol ds make nmobre visits to sites which they believe
to be of a higher quality--or perhaps the converse is true: househol ds
believe that the sites which they visit often are better than those
which they visit rarely. This discrepancy is sinmlar to that observed
in the analysis of willingness-to-pay; households were willing to
pay more for sites which they believed to be of a higher quality,
but not necessarily for sites wi hich objectively had a higher
quality. It is consistent with our finding in Chapter 5 that
subjective site rating match up with objective site conditions only

i mperfectly.
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4, Syst em Demand Functi ons

Chapter 3 suggested the followi ng nodel for deriving site denmand
functions based on p characteristics Zij:

U= Zbilog(vj-ci) ... (1a)
P
c. =W + L. W32, ... (1b)

i io k=1 k ik

The demand functions obtained fromthis utility nodel are:

bi 1 n
it = S + = P [Yt’jglpjtcj] i=l...n ... (2)
it
.Z.b,
=13

wher e Vie is the nunber of visits to site i by individual t. The
standard practice in consunmer demand theory is to normalize the bi's
so that Zbi=1, in which case (2) can also be witten in expenditure
form as

P =P, .c, + bi[Yt-ZPthj] e (D)

it Vit T FieCy

This function is nonlinear in the paraneters bi and c; (or,
equivalently in the paraneters g.and W W) Two alternative
estimation procedures are available: a maxinum |ikelihood estimation
procedure due to Parks [10] and |ess sophisticated iterative two-

part procedure due to Stone [12]. Because of its conputationa
sinplicity, we shall follow Stone's procedure here. This procedure
is based on the fact that, for a given set of values of the paraneters
b., equations (2) and (3) are linear functions of g (or
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equi val ently, of .o and wk), while for a given set of values of the
par anet er civ t hese equations are linear functions of b, . Stone's
method is to iterate between OLS estimates of b'i' for given val ues

of Civ and COLS estinates of Cyiv for given values of bi'

At this point we have to face the fact, hitherto neglected,
that we are actually dealing with a subset of comodities--nanely,
expenditures on recreation sites--rather than with the whole set
of consunption items. This raises the question of whether the
theory developed for the latter situation can be applied here.
The answer is that the general theory does carry over to the case
of a subset of commdities if the consunmer's utility function is
assumed to be appropriately separable. There are various concepts
of separability which we nmight invole; without going into detail, we
may state that an underlying idea of these concepts is that the
margi nal rate of substitution between any pair of recreation sites
shoul d be independent of the consunmer's level of consunption
of any other commodity besides recreation sites.* This is a strong
requi rement, but not an entirely unreasonable one. If it is
accepted, and if the relevant portion of the consuner's utility
function dealing with the utility from beach recreation is given
by (1), then the site demand functions are indeed given by (2) or
(3), with one change. Site depand depends on the prices of the n
sites and on the total expenditure on beach recreation, rather than
income. Thus, the variable, Y, in (2) or (3) nust be taken as
standing for total expenditure on water-oriented recreation. This
variable is then endogenous to the consumer's choice process, and is,
therefore, a function of the prices of both recreation sites and (in
general) all the other commdities as well as incone. I nstead of
trying to nodel the determ nants of recreation expenditure explicitly,

we shall enploy the assunption commonly used in Engle curve analysis

*See, for exanple, Pollak [11].
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that there is relatively little variation in the prices of non-
recreation goods faced by our sanple househol ds; hence, we may
postul ate some sinple relationship between expenditure on beach

recreation (Y) and incone, such as

Y=d4 + 4d,INC ... (4a)
[o] 1
or
Y = do + dlln (INC) ... {4b)
If we substitute (4a) or (4b) into (2) or (3) we have a fully specified
system of demand equations for recreation sites, under the

separability assunption.

There are still some conplications due to the fact that, for the
reasons outlined in Section 1, we do not have good price data.
Because of this deficiency, we have chosen to use distance as a
proxy for price and, as we observed in the previous section, this
seens to be a good substitute. However, in the context of system
demand nodels, this substitution causes sone problens because it
means that the "adding-up condition" no longer applies--i.e., it is
no longer true that for each individual, the sum of the |eft-hand
side variables in Equation (3) over all sites is exactly equal to
Y, the total expenditure on water-oriented recreation. The adding-up
condition in practice has an inportant role in the estimtion of
(2) or (3) both with the maxi mum |ikelihood procedure and with Stone's
met hod. In the latter case it helps to ensure that Ibi=1 wi t hout
the need for constrained estinmation techniques. Wthout this assunp-
tion, therefore, we must either use constrained OLS estination, which
is conputationally difficult or sinplify the nodel further. VW& have chosen
the latter alternative. Specifically, we have assuned that

b.=b i=l...n ... (5)
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and, wthout any loss of generality, we have taken b=1. Accordingly,

t he term(bi/Ebj)in (2) is replaced by (1/n), n being the nunber of
sites. Since we have in effect suppressed bi as a paraneter, the only
paranmeters to be estimated are the ci's (i.e., wio,wk); as we noted
above, with the val ues of b, known, equations (2) or (3) are linear

in the latter variables and a single-stage OLS estination nay be
applied. W have, thus, rempved the need for iterating on the

coefficient estimates, thus greatly reducing the conputational difficulty.

The nodel which we propose to estimate is given by (2), (1b),
(4) and (5). W have chosen to use as site characteristics COLOR
and COLIFORM  thus, there are 33 coefficients to be estinmated
29 wio's--one for each site; V&, the coefficient of COLOR; W, t he
coefficient of COLI; and the paraneters d0 and 4, in (4). e
have 912 observations from which to estimte these coefficients,
corresponding to the site cards with non-zero visits. Assunming that
we share the specification (4a), the actual estimting equations are

P
n-1 j n-1
PV, = . . () - W, 2,.P, (— . .P.
i'i Wiofi ) j lw]O T Y {“llpl( n) " j;lzljpj/n )
+ w {2, .p éEiL) }
2°%2i"i'n 351 2i j/n
d d
o
+— o+ -—];mc i=l...n «.. (6)
n n

Unfortunately, despite several attenpts to nodel (6), we
were unable to do so. The reason was that the data were highly
collinear leading to a nearly singular cross-product matrix which
could not be inverted. One possible solution may be to group
nei ghboring sites of simlar quality so that there is a smaller
set of sites differing nore in their locations. This woul d cause
the matrix of price (distance) variables to be |ess collinear and
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simul taneously reduce the number of paraneters to be estimated.
Also, it is possible that maximum |ikelihood estination of a |ess
specialized version of the nmbdel nmight prove to be nore successful
There is anple scope for further research on the specification and
estimation of the nodel, but this was beyond the scope of this

proj ect.

5. Benefit Cal cul ation

The only rigorous nmethod to obtain enpirical neasures of
wi | lingness-to-pay for changes in recreation site quality is to
estimate a set of demand functions which can be shown to derive from
a specific utility function and, using the coefficient estimates,
to calculate the resulting change in the area under the conpensated
function. If the utility function is that given by (1), the
corresponding formula for the consuner's surplus associated wth
a change in site quality is given by Formula (1) in Chapter 3,
with the ¢, ternms replaced by equations (1lb) above. Since we
are not presently able to estimate this demand nodel, we are unable
to apply this methodology to calculate the benefits of changes

in water quality.

W are forced, instead, to rely on the abstract site denand
functions described in Section 3. Since these demand functions
are not derivable froman explicit utility function, there is no basis
for calculating nmeasures of consunmer surplus. Al that we can do
with these demand functions is to predict the inpact of
wat er quality changes in site visitation. The only solution is to
use some ad hoc netric such as the Principals and Standards estimte
that one visitor day is "worth" $.75-%$2.50; alternatively, we
could value visits at the average w llingness-to-pay plus

transportation costs as expressed by the respondents to our
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questionnaire. As an illustration of this procedure, suppose
that the coliform bacteria count at a site declines fromthe
average ( 2000) to the minimum across the sanples, 100. Assumng
that an individual lives five mles fromthe site; using the
coefficients in the fourth colum of Table VII-7, we calcul ate
that the probability that the individual will visit the

site changes from

1
P = —> 384 .0.086 (COLI=2000)
l+e
or
1
P=—m— = 0.094 (COLI =100)
l+e2.2716

If we assume that the individual nakes eight visits to a chosen site,
and this nunmber is not affected by the change in water quality, the
expected visitation of the site changes from 0.69 visits (=0.086x8) to
0.75 visits (=0.094x8). Valuing each visit at $2.50 per person and
assumng that there are four persons in the group, the dollar value
of the change in water quality for this household is 5.64 (=%$2.50 x
0.064 x 4). This would equal something |ess than $400,000 for the
whol e SMBA, integrating over distance, or $410,000 if the site was
five miles fromthe bulk of the population. This is no doubt a
substantial underestimate of the total benefit of the hypothetica
coliform reduction since, as Chapter |l explains, consuner's surplus
has been ignored. The point of this exanple is principally to illus-

trate how the abstract site nodel can be used.
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6. Concl usi ons

This chapter provides interesting additional evidence for some of
the points argued el sewhere in the report. First, persons with |arge
famlies or famlies with higher incones tended to visit our sanple
beaches nore frequently than other famlies. Famly ethnic background
al so appears to influence recreation behavior.

Second, substitution between sites is a significant aspect of
recreation behavior in the Boston sanple of households and sites. Most
respondents visited two or nore sites during the sunmer. Under direct
questioning, nost cited inter-site substitution as their nost |ikely
response to a change in water quality at their favorite beach. Any-
where proximal sites are close substitutes, perhaps nost urban areas,
inter-site substitution is likely to be an inportant phenonenon. Thus,
single site demand nodels are not altogether appropriate for either
demand forecasting or benefit estimation. W specified a system demand
nodel to account explicitly for this behavior, but were not able to
conplete its estimation with the resources available to us. This is a
fruitful area for further research.

Finally, poor water quality at a site appears to reduce the pro-
bability that a randomy selected household will visit the site at all
but does not influence the nunber of visits to the site given that it
is visited at |least once. Hence, water quality changes inpact recreation
behavior principally through inter-site substitutions; this reinforces
the need for systens demand nodels. On the other hand, higher perceived
water quality is significantly associated with nmore visits, but the dir-
ection of causation is by no neans evident. Again we nust conclude that
whil e subjective ratings of water quality match only poorly objective
measures, Bostonians seem to value maintaining and inproving the area's
waters for recreational uses.
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